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Report ot llie ifriciiltiii'al Research 
liistitule and tolle^e, Fiisa, 

{Including the Uefort of the Imperial Cotton ^fecialist) 

1914 - 15 . 


REPORT OF THE DIRECTOR, 


(Bernard CovEiNtrv, C.LE.) 
L Charge and Staff. 


Charge. I held charge of tlie ollice of Agricultui’al 
Adviser to the Government of India and Director, Agricul- 
tural Research Institute, I'usa, and Mr. Wynne Sayer, 
B.A., of the office of Assistant to the Agricultural Adviser 
to the Government of India throughout the year. 

Mr. A. C, Dobl)S, B.A., who nas the pennaiient Assist- 
ant to the Agricultural Adviser was translerred to Ranchi 
as Deputy Director of Agriculture under the Government 
of Bihar and Orissa on the 26th April 1915 and Mr. Sayer 
has been appointed to the post. 

Staff. The Chemical Section was in charge of Mr. 


J W Leather, V.D., E.I.C., during the year. 

Mr. Jatindra Nath Sen, M.A., Supernumerary Agricul- 
tural Gheniist. has been posted at the Agricultural College 
at Sabour since Septembei' 1914 hii' research iioi . 

Mr. A. Howard, C.EE., M.A., held the office ol the . 
Imperial Economic Botanist during tiie ® 
Gabrielle L. C. Howard, M.A.. 

Second Imperial ' t P- 

1915. As in previous 0 ,,,^ for five 

ceeded to Quetta in May 191o am w of the 

months for work in connection NMtn tiie i 
fruit industry in Baluchistan. j. 
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Dr. E. J. Butler, M.B., the Imperial Mycologistj was on 
leave during the year. Mr. F. J. F. Shaw, B.Sc., Super- 
numerary Mycologist, who has been appointed to officiate 
as Imperial Mycologist was in charge of the Mycological 
Section. 

Mr. T. Bainbrigge Fletcher, F.E.S., F.Z.S., held charge 
of the Entomological Section. 

Mr. A. J. Grove, M.Sc., Supernumerary Entomologist, 
was on deputation to the Punjab to carry out work on grain 
pests and cotton boll -worm till 27 th April 1915 when his 
services were terminated on expiry of his probationary 
period. 

Mr. F. M. Hewlett, B.A., F.E.S., remained in charge of 
the Pathological Entomological Section during the year 
except for the period from 30th August to 22nd September 
1914, when he was on privilege leave. 

The Bacteriological Section was in charge of Mr. C. M. 
Hutchinson, B.A., throughout the year. Mr. J. H. Walton, 
B.A., B.Sc., Supernumerary xlgriculturai Bacteriologist, 
has been appointed to the Indian Army Reserve of Officers. 
He left Pusa on the 4th June 1915 to join his duties in the 
Military Department. 

Mr. A. C. Dobbs, B.A., remained in charge of the Agri- 
cultural Section till 25th April 1915 when Mr. S. Milligan, 
M.A., B.Sc., on return from leave resumed charge of the 
duties of the Imperial Agriculturist. The two posts of 
Supernumerary Agriculturists are now vacant, as Mr. 
Sayer has been appointed as Assistant to the x\gricultura I 
Adviser to the Government of India from 2(}th April 1915, 
and the services of Mr. G. D. Mehta, E.Ag., B.A., Super- 
numerary Agriculturist, who was posted to Madras for 
training, were terminated on 31st March 1915, on the 
expiry of his probationary period. 

IL Work of the Institute. 

Scientific Work. The scientific work of the Institute 
during the period is indicated in the reports of the various 
sections. 
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Training, The post-graduate course students continu- 
ed to receive training and short courses wei'e also given in 
Sericulture and Lac culture, 

The probationary research assistant under the AgncuT 
tural Chemist to the Punjab Government referreii to in the 
last year^s report completed his training in Agricultural 
Bacteriology during the year under report and the 
student deputed by the Department of Agriculture, Central 
Provinces, is under training in the same section. An 
assistant deputed by the Indian Tea Association is also 
under training in Agricultural Bacteriology. 

In the Botanical Section a graduate of the Sabour Agri- 
cultural College deputed by the Bengal Department of 
Agriculture and a graduate of the Poona Agricultural Col- 
lege deputed by the Bombay Department oi Agriculture 
completed their training in Botany during the year under 
inport. ihe latter alter finishuig his course at this Insti- 
tute has proceeded to England with a scholarship from the 
University of Bombay for further training in plant-breed- 
ing work. 

A Fieldman deputed by the Principal. Agricultural 
College, Sabour, is undergoing training in AJycoiogy in the 
Mycological Section. 

In the Entomological Section an assistant deputed by 
the Punjab Government and a private student who is a 
graduate of the Lyallpur Agricultural College are under 
training in general Entomology. 

Besides the regular students referred to above the fol- 
lowing visitors also worked in the laboratories 

Mr. B. L. Gupta, Professor of Biology, Peid Christian 
College, Lucknow, referred to in the last year's 
report, completed liis couise in ISlycology and 
left on 8th July 1914. iilr S. L. Ajrekax, B.A„ 
Assistant Professor of M\'cology, Poona Agri- 
cultural College, workea iu the Mycological 
Laboratory from 2Stli (tetober to atli November 
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Mr. Awati worked in the laboratory of the Pathologi- 
cal Entomologist for some time at the taxono- 
mies of Muscidee, 

III. Publications. 

The Agricultural Journal of India, Scientific Memoirs 
and Bulletins continued to be issued during the year. The 
Department published during the year 13 Memoirs and 14 
Bulletins. Of these a fair number was contributed by the 
Provincial Departments. The memoirs continued to main- 
tain their standard of excellence and were much in request 
from scientific institutions abroad. The bulletins containing 
matters more of practical than scientific interest continued 
to be in good demand particularly in India. They covered 
a large range of subjects such as sugarcane crushing, sugar 
machinery and manufacture, bee-keeping, improvement of 
indigo cultivation and sericulture. Among these bulletins 
four were contributed by the Pimincial Departments and 
one containing notes on sugar machinery and manufacture 
in Northern India is a report by Mr. Peter Abel, an autho- 
rity on the manufacture of sugar, who toured in this coun- 
try with a view^ to advise the Government of India in con- 
nection with sugar matters generally. The grant for pub- 
lications amounting to Rs. 29,000 has been made perma- 
nent. It has been decided to publish a revised edition of 
the Manual of More Deadly Forms of Cattle Disease in 
India. This useful manual wms last revised in 1903, and 
opportunity has been taken to bring it up to date and to 
practically rewrite it. This will considerably add to its 
utility. 

As in the last two years, str ictest economy was exercised 
with the result that it w^is possible to keep down expend i' 
ture within the sanctioned grant. But as the superior stab 
of the Department capable of making original investiga 
tions is continually increasing, the volume of matter offered 
for publication will tend to increase when the present grant 
will be found inadequate. 
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IV, Gl^neral Administration. 


Buildings and Works. During the year under report 
the construction of two additional bungalows for European 
officers and the extension of the Pusa Library Avere com- 
pleted, 'Additional quarters for the subordinate staff of 
the Institute are under construction. The schemes for the 
installation of electric lights and fans in the European 
bungaloAVs and the Rest House at Pusa and for the addi- 
tion of a female ward to the Pusa hospital as well as the 
proposal for a new ice machine at Pusa have been sanc- 
tioned. 


Library. The third edition of the catalogue of the 
Pusa Library will shortly be out. Daring the year under 
report over 500 volumes were added by purchase besides 
many foreign bulletins, memoirs, reports, etc., which are 
received in exchange from different i)arts of the world, 
Pusa Schools. The Middle English School was raised 
to the status of a High School on 2nd January 1915, and 
one of the long felt Avants of the residents Avas thus satis- 
fied. The number of pupils attending the school at the 
close of the year Avas 185. It has a staff’ oi one Head Mas- 
ter and 14 Assistant Masters and promises success. ^ A 
Lower Primary Girls' School Avas also started on 20th leb- 
ruary 1915. 

General Health of the Station. The general health of 
the station during the year under report continued to !,e 
good. Medical relief was afforded to 10.21 < persons ot 
whom 9 969 were treated in the out-patients departmen 
and 248 admitted as indoor patients. ^,nety-one cases 
among the European officers and their families were attend- 


ed to. 

The daily average number of pation 


treated was 69T9 


out-door and 12T4 in-door. 

Ten deaths occurred in 
Avere brought to the hospital 
disease, 


hospital some of these cases 
ill rather advanced stages of 
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The epidemic of cholera, which broke out in the villages 
in the immediate vicinity of Pusa during the months of 
May and June, threatened to be a source of great danger. 
Immediate and successful measures were taken to prevent 
its entering the Estate, the chief of which was keeping of 
the water supply pure by disinfecting and cleaning of the 
wells. 

One hundred and ninety-eight surgical operations were 
performed of which 27 cases were major and 171 minor. 

Fourteen primary and four re-vaccinations were per- 
formed during the year. 


V. Accounts. 


The total expenditure during the financial year 1914-15 
was Rs. 4,79,825 as under 


Rs. 


Office of the AfjneuIiiiriJ Advisei' to ilie 
Government of India and Director of the 


Institute ...... 

. 2.03.041) 

Chemical Section .... 

. 41,807 

Mycolofficnl vSection .... 

. 25.015 

Entomological Section 

. 43,142 

Pathological Entomological Section 

. 25.662 

Botanical Section. .... 

. 38,220 

Bacteriological Section 

. 31.592 

Agricultural Section .... 

. 71,341 

Total . 

. 4,79,825 


Out of the grant of Rs. 1,10,000 For the development of 
the Indian Sugar Industry referred to in previous years 
report, a sum of Rs. 35.000 was provided in the budget for 
1914-15 for meeting the expenditure in connection with the 
engagement of Mr. W. Hulme as Sugar Engineer in the 
United Provinces. 

A sum of Rs. 15,000 was paid as grant-in-aid to the 
Indian Tea Association. 

The principal items of expenditure under the annual 
grant of Rs. 10,000 placed at the disposal of the Agricuh 
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tural Adviser to the Government of India for special Agri- 
cultural Experiments were as follows : — 


Purchase of two Ayrshire bulls for the Piisa 
Farm and the Agricultural Department, 

Central Provinces . . . ^ ^ 920 

Contribution to the Bacteriological Section . 1,030 

Distribution of Pusa wheat seed No. 12 in 
the United Provinces . . . 4 000 

Experimental coltou cultivation coinluctod by 
the Imperial Cotton Specialist . . . 1,500 

Purchase of silk yarn for sericulture experi- 
ments at Pusa 240 


The gross receipts during the year from the sale of 
farm produce, milk, puldications of this Department and 
other articles amounted to Rs. 16,843 as against Rs. 22,157 
of the previous year. 


VI. Visitors. 

During the year under report His Highness the Maha- 
raja Bahadur of Darbhanga, the Iionhle Sir Robert Car- 
lyle, K.C.S.L, C.LE., LC.S.. Mcmber-in- Charge of Revenue 
and Agriculture, Government of India, the Hon'ble Mr. 
Lallubhai Sam al das, C.I.E.. Member of the Legislative 
Council of the Government of Bombay and Mr A. E. 
English. C.I.E., Registrar of Co-operative Societies, 
Burma, and manv others visited the Institute. 
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REPORT OF THE IMPERIAL AGRICULTURIST, 
(S. Milligan, M.A., B.Sc.) 

I. Administration and Tours. 

Mr. Dobbs continued in charge of the Agricultural 
Section until my return from combined leave on April 
25th, 1915, 

The number of the Supernumerary Staff has been 
reduced to rdl owing to the termination of Mr. Mehta’s 
agreement and the appointment of Mr. Sayer to the post 
of Assistant to the Agricultural Adviser. 

Mr. McLean, Deputy Director of Agriculture, Bengal, 
and Mr. D. R. Sethi, Deputy Director of Agriculture, 
Bihar and Orissa, were posted to Pusa for preliminary 
training for periods of three and four months respectively. 

Mr. Judah Hyam, Veterinary Overseer, continued in 
charge of the breeding herds. Mr. L. S. Joseph, Veteri- 
nary Assistant, acted for him in addition to his own duties 
for one month. 

Mr. Md. Ikramuddin held the post of 1st Farm Over- 
seer during the year. He was on privilege leave for three 
months from 2nd January to 31st March 1915. 

Mr. Arjan Singh held the post of the 2nd Farm Over- 
seer throughout the year and ofheiated for the 1st Farm 
Overseer for three months from 2iid Januai-y to 31st Mai'ch 
1915 in addition to his own duties. 

Babu Brajaraj Mukerji, Fieldman, was promoted to the 
post of senior fieldman from 1st April 1915. 

Mr. Imdad Hoossain Khan has been appointed as a 
Fieldman on Rs. 50^5 - 75 on probation for three niontlis 
from 15th May 1915. 

Mr. Dobbs visited Ranchi in October 1914 and the 
agricultural stations of Bengal, Bihar and Orissa, and 
the Central Provinces in December and January. 



AND (’Of. LEGE. PTSA. KOR 19U-1.). ^ 

Mr. K. P. Roy from Bengal, attended the general course 
of instruction in Agriculture from 4th June to 16th 
September 1914. 

IL Farm Clltivatiox. 

Cha>ra.cter of the season. The total rainfall of the 
season (June 1914 to May 1915) amounted to 54*88 inches. 
An abnormally heavy fall in August (2^ inches) caused 
serious flooding in the lower lands and affected both the 
standing crops and the ensuing rabi C 7 " 0 ps. 

Crop Experiments. The field experiments dealing 
with the maintenance of soil fertility under a double crop- 
ping system two crops per annum) by the use of 

manures, haA^e been continued. The green manuring 
experiments in collaboration with the Imperial Agricul- 
tural Bacteriologist have been altered in accordance with 
the experience gained. A large expansion of '' quantita- 
tive ’’ experimental work Avill not be possible for a few 
years until the land recently laid out for this purpose has 
been properly tested. 

Cultivation. The Fowlers double engine tackle pur- 
chased in 1913 has proved its suitability to special circum- 
stances with careful supervision. As was pointed out by 
Mr. Dobbs in last year’s report Piisa Farm is far from 
being ideal for tlie use of such machinery and much better 
economic results could undoubtedly be obtained under more 
favourable conditions. Tlie tackle is. however, of parti- 
cular value at Pusa, with its large area under crop, in 
lightening the work of the supervising staff, and allowing 
of more concentration on experimental work and necessary 
improvements. The writer considers it premature to 
express any definite opinion as to tl^e economic value of 
such tackle until correct figures can be worked out for 
depreciation and repairs which caivot be done while the 
machinery is new. 

Trials of a new type of motor plough were undertaken 
for the makers. Some modifications of the engine to suit 
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the Indian climate have proved necessary and are being 
introduced. 


III. Live-Stock. 

Cattle Breeding. As mentioned in last years annua! 
report two herds are now being maintained at Pusa one of 
selected Sanhiwal (Montgomery) cows and their descend- 
ants, the other of cross-bred Ayrshire-Sanliiwal cattle. 

As the breeding operations have since 1912 been based 
entirely on the milk records of the females the initial steps 
have been completed towards the building up of milk 
pedigree ” but results will not be apparent until the calves 
of the present generation have grown up. 

The cross-breeding operations with imported bulls must 
be considered as purely experimental, the primary object 
being to gain information regarding the transmission of 
characters, valuable or otherwise, of the exotic breed. 

Sheep Breeding. The operations as described in last 
year’s report, viz., the crossing of local sheep with Merinos 
with a view to gaining information regarding the inherit- 
ance of wool characters, have been continued, ddiere is 
nothing to report as the second generation of eross-bi'eds 
has not yet been produced. 

IV. Gi:ner.\l. 

Drainage. A new protective drainage scheme has been 
completed. The Piisa Estate has now been provided with 
its own outlet to the river and a pumping station has been 
erected to deal with excess water in times of high river 
levels. 

The main drains of the low-lying area have been enlarg- 
ed. New roads have been made to improve the shape of the 
fields and a new field added to the experimental area. 
Experiments in puddling rice land with steam disc har- 
rows are in progress and arrangements have been made to 
control the irrigation and drainage of the rice area. 
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V. Programme of iyork for 1915-16, 

The following are the lines of work in progress : — 

Major investigations. 

1. The economics of cultivation by steam and motor 
engines. 

2. The puddling of rice land by the double engine sys- 
tem of steam cultivation 

3. The combination of irrigation and drainage in the 
growing of rice. 

4. A study of inheritance of the more important charac- 
ters of dairy cattle by crossing. 

5. The building up of milk pedigree in cattle by selec- 
tion. 

M inor investi ga t ions. 

6. The inheritance of wool characters in sheep. 

7. Experimental tillage in the growing of maize and 
sugarcane. 

8. Improvement of pastures. 
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REPORT OE THE IMPERIAL AGRICULTURAL 
CHEMIST. 

(J. Walter Leather, V.D., F.I.C.) 

I Administration and Tours. 

Charge. The section was in my charge during the 
whole year. 

Establishment. Mr. Jatindranath Sen, the Super- 
numerary Agricultural Chemist, was posted to work at 
Sabour from September 1914. 

Babii Suren dra Lai Das Gupta, M.Sc., was appointed 
a probationary assistant on 6th February 1915 and he 
promises to prove a nsef^il addition to the staff. 

Babu Debendra Nath Chatter jee has been transferred 
to the office of the Chemical Examiner and Bacteriologist. 
United Provinces, from 7th June 1915. 

Babu Mahabir Prasad was appointed a probationary 
assistant from 6th April 1915, but has reverted to the Edu- 
cation Department of the United Provinces. 

Mr. G. K. Lele was dismissed in November 1914. 

Tours. The following tours were made by me 

1. September 1st to 9th. To Indore to advise as to 

the nature of the local soils. 

2. September 12th to October 18th. Hill recess, when 

a memoir on Soil Temperatures was written. 

3. November 4th to 20th. Tests of the freezing points 

of milks were made at the military dairies at 
Lucknow and Allahabad. 1 also attended tlie 
camp-of-exercise of the United ProviuLr^ 
Horse. 

4. December 29th to Januarv 10th. I visited 

Peshawar in order to test sugarcane at the time 
it was put into clamps. 

5. March 13th to 28th. 1 visited Peshawar again to 

test the sugarcane when being taken out of the 
clamps. 
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II. Education. 

No studBDts have been adniitted duriDg the past year. 

III. Meteorology. 

In addition to the usual records for the Meteorological 
Department, records of (a) soil temperatures, {b) drainage, 
and (g) pressure by means of a barograph have been main- 
tained. 

IV. Soil Problems. 

Soil temperatures. The temperature of the soil is well 
known to have an important influence on the soil, chemi- 
cally and physically, but perhaps more especially on its 
biological activity, both with respect to the higher plant 
and lower organism. Moreover, since plant growth is 
principally confined to the upper two or three feet of soil, 
it is the temperature, and the temperature change, occur- 
ring in this stratum which is of iiiijiortance. Several re- 
cords of soil temperature have been maintained by the 
Meteorological and Survey Departments, but these have 
related rathe?’ to the temperature change of considerable 
depths than to that of the uj)permost soil. For these 
reasons it was decided in 1910 to maintain such a record 
at Pusa. The soil being a bad conductor of heat, it is to 
be expected that the chief diurnal temperature changes will 
occur within the first few inches. It was then evident that 
for a. record of soil temperature to be of service, it must 
relate to planes near to the soil surface. The nature of the 
soil-surface had also to be considered. Commonly this is 
rough, including lumps of earth varying from one to several 
inches in diameter with open spaces between them. How 
would such an irregular surface ali'ect a thermometrical 
instrument i A fuilher primaiy question was what effect 
would a growing ci'op lia\e on soiTtmnperature changes ? 
It was originally desired to ascertain the temperature 
changes foi* exposed soil {(f) with n plain surface and (b) 
with a rough one, as well as tor xa id bearing crops, but 
preliminary work showed that the diurnal variation in the 
first 3'' of soil was so great that an irr^egularity of 1" caused 
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by the presence or absence of any odd piece of earth over 
the thermometer, would seriously impair the record; that 
indeed it would be necessary to know the distance from the 
surface to the instrument to within if the record was 
to be at all correct with reference to depth below the sur- 
face. lor example, if two thermometers were placed at a 
nominal depth of V below the surface, and owing to rough 
cultivation of the soil above them, the actual depth or thick- 
ness of soil were altered to 1*5'' and 2-5" respect- 
ively, these two instruments instead of registering the 
same temperature, say at midday, would actually show a 
difference of more than P C. The rougli cultivation com- 
monly employed throughout India in the hot weather, 
which has been styled “ hot weather weathering," implies 
a surface much more irregular than tiiat just exemplified, 
and it was almost immedmtely clear that any record which 
was maintained below a roughly cultivated surface would 
be valueless because of the impossibility to define the dis- 
tance from the surface to the instruiueiit. The records 
maintained at Pusa have referred to the soil below (i) a 
smooth bare- fallow surface, and a similar surface on 
which crops were growing. The instruments employed 
were self-registering mercurial and alcohol thermometei's 
of a good make, the errors being determined periodically. 
They were placed in tubes running horizontally below the 
soil surface at 6'", 9'", 12'", IS"', and 'iT" deep. 

This arrangement is not what has been usual when observ- 
ing soil temperatures, instruments being commonly insert- 
ed vertically into the soil. The latter is open to criticism 
in several respects; the instruments are exposed to the sun, 
they will generally possess a different, and often greater 
conductivity than the soil; the thermometer bulbs or sensi- 
tive part of a pyrometer indicates the mean temperature of 
the soil stratum in which it rests, and not that of a plain 
which is actually what is desired; if then the instrument 
is placed horizontally, this soil stratum is considerably 
thinner than if it is placed vertically in the soil, that is, 
this source of error is reduced. 
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The information has been published as a Memoir of the 
Department of Agriculture in India [Chemical Series, 
Vol. IV, No. 2) and the principal items of information are 
as fallows :• — 


[a) In bare-fallow soil, (i) There are naturally both 
diurnal and seasonal changes of temperature. 
The former extends to between 1 ft. and 2 ft. 
from the surface; at 1 ft. deep it amounts about 
1° C.j but at 2 ft. it is doubtful 5yhether it ever 
exceeds OT^ C. in Bihar and probably never 
exceeds 0*2'^ C. in any part of India. Near the 
surface the diurnal change is very considerable. 
The seasonal change at 2 It. deep amounts to 
about 13*^ G. The minimum temperature occurs 
in January and the maximum in May. 

(ii) There is a fairly close correspondence between the 
soil temperature at 1 '' deep, in bare- fallow soil, 
and the air (shade) temperature; approximately 
the soil-minimum is 2^ higher and the soil- 
maximum 3^ higher than the air temperature. 
[ill) There is a similar relation between the diurnal 
change of temperature in the soil and air; at 
T" deep this change is about l G. greater in 
the soil than in the air. Ihis diurnal changi 
is least during the monsoon and greatest during 
the dry season, as is the case in the air. The 
amount of the change vanes from 10 G. to 


20 ^ , .o . 

(/r) Eegarding the soil-temperature at the siii ace 

this could uot be ascertained directly, '-'Bt 
ing by collateral evidence, with a clear s'y i 
probably rises to about C. higher than the 
air (shade) maximum temperature during ttie 
di, and falls to approximately the air mini- 

Of season, and since the range oi ^ 
at Fysa IS considerable, it seems leasouable 
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conclude that they would apply to soils general- 
ly in India. 

{vi) The temperature of the soil near the surface, 
(down to 3^' or 4") is above the mean tempera 
ture for only about 8 hours and below it for 
about 16 hours. 

(vn) The lag in temperature change is about 2 hours 
at 3'' deep and about 8 hours at 18'" deep. 

(vin) A change in the specific heat and conductivity 
of the soil due to change of proportion of water, 
does not always affect the maxima and minima. 
During the monsoon period when the soil con- 
tains very much more water than during the 
dry season, and when both its specific heat and 
conductivity are consequently very much 
greater, the relation between soil temperature 
and air (shade) temperature remains substan- 
tially unaltered. That a wet soil requires con- 
siderably more heat to raise its temperature 
C. than does a dry soil is of course well 
understood, but apparently the period of ex- 
posure is sufficiently great to allow the soils 
temperature to assume during the day or the 
night the same relation to the air temperature 
whether it is wet or dr>^ ; the effect of increased 
conductivity counterbalancing that of increased 
specific heat. If, however, a heavy shower of 
rain falls on the desiccated soil of the hot 
weather, the conditions are different. Such 
showers are accompanied by a marked fall of 
air maximum temperature and the soil-maxi- 
mum falls in a corresponding degree. Dut the 
air humidity at this season ra}ndly falls after 
such showers and evaporation of moisture from 
the soil increases very greatly, causing a marked 
change in the soil-minimum. 

{h) In cropped land. Tlie effect of a covering cro|) on 
the soil-temperature is naturally very marked, 
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for it both prevents the surface soil from rising 
to the temperature which fallow land assumes, 
and also modifies the diurnal change. Thus 
Whilst the temperature of exposed soil at 
deep rises to about 3^ C. ahom that of the air, 
that of cropped land is about 2^ C. below it; 
and whilst the temperature of exposed soil at 
the surface rises to probably some 20° C. above 
that of the air, the corresponding figure for 
cropped land is only some 2° or 3° C. even in 
March, whilst in the rains it is actually lower 
than the air. Also in respect of diurnal 
change; at deep, whilst exposed soil suffers 
a change of some 20^ C. in March, that of 
cropped land is only about 13° C. at the same 
depth; and during the monsoon whilst exposed 
soil suffers a diurnal change of some 10° C. at 
1^' deep, that of cropped land is only about 3° 
to 4^ C. 

Soil gases. For some time attempts have been made at 
Piisa to devise an apparatus by the aid of which the gases 
contained in a portion of undisturbed soil, taken from a 
specified depth, might be extracted, measured and analysed. 
Hitherto the gases contained in soils have been separated 
for analysis by inserting a tube into the soil and aspirating 
a portion of gas out of it. By this latter method 
contamination with the outside air is possible, the real 
situation from which the gases flow into the tube is uncer- 
tain, and the direct measurement of the gas per unit volume 
of soil is impossible. But if a jicrtion of undisturbed soil 
could be taken from the field in a tool which could be subse- 
quently closed and provision made for attaching this to a 
pump, the volume of gas so obtained could be compared 
with the volume of the soil specimen taken from a specified 
depth and contaniiiiatiou with atmospheric air would be 
excluded. Although an apparatus .or this purpose was 
designed several years ago and employed on some preli- 
minary work on. soil gases, it was not free from imperfec- 

c 
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tions, and the more perfect one which has been employed 
for recent investigations was only designed and made in 
1913. By its aid the gases contained in a known volume 
of soil taken from a specified depth below the surface can 
be separated, measured and analysed. 

One of the first questions that occurs is whether a finely 
divided material like a soil condenses much gas on its 
surface. A volume of soil will include mineral and 
organic matter, water and gases. The volume of soil in 
the apparatus above referred to can be measured; the 
volumes of the solid material, and of the water can be 
derived from their weight and density, that of the gas 
which is extracted can be measured. Some of the latter 
will be in solution in the water, but tlie volume of this can 
be calculated. Thus these various measurements yield on 
the one hand the volume of the soil ; on the other the volumes 
of solid material, water, gases. If there were no condensa^ 
tion of gas by the soil material, the sum of the latter would 
equal the volume of the soil ??? sifiL But if the soil mate- 
rial is able to condense gases, the sum of the several consti- 
tuents will exceed that of the soil. The measurements are 
naturally accompanied by some errors and it is not possible 
to say that the Pusa soil condenses no gas, but the propor- 
tion is certainly very small and is less than 4 per cent, of 
the total gas present. 

The amount of gas which the water in the soil dissolves 
is of great interest. In dry land soils, the only gas which 
dissolves to any material extent is carbon dioxide, the 
volumes of dissolved oxygen and nitrogen being too small 
to be of any consequence. By the aid of the work' on the 
bicarbonates of calcium and magnesium which was done in 
this laboratory by myself and Mr. Sen, it is possible to 
calculate how much of the carbon dioxide is dissolved and 
in the gaseous state in the soil respectively. In fallow soil 
in all ordinary conditions very much the greater part of 
the carbon dioxide is in the dissolved state. 

‘ Dppf. Agric. Ind., vol. I, no. 7, and vol III, no. 8. 
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In the case of swamp paddy soil gases, the amount of 
dissolved oxygen and nitrogen has an important bearing. 
Messrs. Harrison and Siibramanm Aiver have given reasons' 
for assuming that the dissolved oxygen is of importance 
both to the surface film and to the roots of the plant below 
Calculations regarding the sources of the nitrogen in the 
gases have shown that probably about one-third of it is 
derived from the dissolved nitrogen of the irrigation water. 

Regarding the examination of soil gases generally it is 
of importance not merely to ascertain the proportims of 
oxygen and carbon dioxide present. Although our know- 
ledge of the biology of the soil is so imperfect, the general 
conclusion that oxygen is commonly used up in the produc- 
tion of carbon dioxide is no doubt justified, but the ordi- 


nary gas analysis might not show whether oxygen was 
lieiiig utilized in other ways. Again percentages of oxygen 
and nitrogen do not themselves show whether there 'has 
been an absorption of the one or an evolution of the other. 
For example supposing nitrogen gas were being liberated 
the efiect would be an increased per cent. N, a decreased per 
cent. 0 ; but these figures would not show whether oxygen 


was being absorbed by the soil or nitrogen liberated. .■\n 
important case of this nature is the origin of the nitrogen 
in paddy land gases. IMessrs. Harrison and Subramania 
Aiyer after discussing the matter" by means of indirect 
evidence, concluded that a part of the nitrogen in these 
gases was derived from the organic matters of the soil and 
manure, but a means of directly testing the question wa.s 
clearly of importance. Such a question could be solved by 
the estimation of a gaseous element which takes no part in 
biological processes. The gases present in the soil are 
derived from (/) the outside atmospliere and {ii) the pro- 
ducts of biochemical change. Hence if the nitrogen in the 


soil were derived solely from the atmosphere, its ratio to 
the rarer elements, argon, helium etc., in the soil gases 
should be the same as in the atmo»t-liere, whilst if nitrogen 


^ Dept. A< 7 r{c. Ind., vol. Ill, no. 3, p, 81, 
* Loc. cit.. p. 82. 


c2 
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oxygen could hardly be accounted for by that which was 
present in the soil. Other experiments showed that this 
soil utilizes under such conditions even much more oxygen 
than that required for the nitrate formation. On the other 
hand analyses of the gases in 1914 showed that despite the 
large amount of oxygen required, the percentage of this 
element in the soil was nearly normal. It became evident 
therefore that a sufficient supply of oxygen must have been 
diffusing into the soil from the atmosphere. 

The process of diffusion of gases through soils has 
been generally believed to be a very slow one. Direct 
experimental evidence on the subject is limited to that of 
E. Buckingham ^ who concluded that there was a direct 
relation between the ‘"porosity” of a soil and the rate at 
which gases could diffuse through it. The ""porosity” he 
defined as that fraction of the whole volume of soil which 
is occupied by gases. He defined any particular portion of 
soil as unity and the "" porosity” is therefore less than 
unity. Soils commonly include as gas some 20 to 40 per 
cent, of their volume, and the “ porosity ” in such cases 
varies from 0-2 to 0-4. Buckingham considered that the 
equation : 

U = K 

was sufficiently accurate to define the quantity of a gas 
diffusing through a known column, (or depth) of soil, under 
known gradient; and that this quantity is less than would 
diffuse if no soil were present by tlie square of the porosity. 
The results of such experimental work should, if possible, 
be checked by independent evidence, but the difficulty is to 
provide such independent evidence. 

Buckingham's equation was applied to several of the 
cases which have formed the subject of the work on soil 
gases at Pusa, and in some respects at least it is supported. 
For example where green manure was applied during the 
monsoon, the calculation showed that 0‘0658 c. dm. of CO, 
was leaving the soil per sq. dm. per day during the first 10 

* Contributions to our knowledge of the aeration of soils by E. Buckingham ; 
V. S. Dtp. A'jri. Bur. fMl. no. 26, Wasbington, 1904. 
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day.. A^mning a uniform rate of decomposition, the 
whole of the green manure would be oxidized m about 95 
days There is, however, reason to suppose that the rate 
would fall off as time went on, so that as an independent 
test of the reliability of the equation, it mav be considered 
to support It very well. Again the calculated amount of 
carbon dioxide production m soils in which nitrification 
was m progress agreed very fairly with what was experi- 
mentally determined under controlled conditions in the 
laboratory. On the other hand calculations for the volumes 
of oxygen diffusing into the soil yielded unexpectedly hi-* 
figures. One cannot go further with the matter at pre- 
sent, but it is at least certain that the process is a much 
more rapid one than is commonly supposed. 


The value of good cultivation of the surface soil has 
been usually attributed to the fact that by stirring the soil, 
gaseous interchange is suitably accelerated, carbon dioxide 
is allowed to escape and oxygen to enter. It is often easy 
to suggest an explanation which on paper bears the neces 
sary ‘ hall-mark, ’ but it is somewhat remarkable that 
among the many wdio have accepted this explanation foi’ 
the advantage of good cultivation, none appears to have 
considered that much deeper stratum of soil— several feet 
in thickness — which is never disturbed by cultivating 
implements but in wdiich crop roots develop freely and 
which it is equally necessary to aerate. If for efficient 
gaseous interchange it is necessary to plough the top it 
should be similarly necessary to plough the succeeding 
several feet of soil ! So long as one is content to accept the 
proved value of good cultivation without attempting to give 
explanations for its advantage, the position is unassailable, 
but if one goes further and states that the explanation is 
that thereby objectionable carbonic acid is released from 
or valuable oxygen admitted into tK' soil, the premises are 
very readily open to criticism. I.^en allowing Bucking- 
ham’s experimental work to have been a good deal in error, 
the consideration of the cases w hich have been examined at 
Pusa shows that, so far as aeration is concerned, the culti- 
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pressure than would occur in a small heap ; the care which 
could be economically demoted to the handling of a large 
quantity of cane might not be sufficient to prevent consider- 
able breakage of cane, resulting in a possibly serious 
amount of rotting; it was also desirable to estimate the cost 
of clamping. 

Accordingly Mr. Robertson Broivn arranged to calmp 
two lots of sugarcane in January, the one from approxi- 
mately an acre and weighing about 20 tons, the other from 
half an acre and weighing about 16 tons. The former 
was ‘‘ striped Mauritius/’ the latter “ local founda cnne. 
These two lots of cane were put into the clamps during the 
1st week of January and the clamps were opened and 
tested during the third week of March, that is after a 
period of about 10 weeks. In the following table the chief 
data are set out, from which it will be seen that the amount 
of change suffered by the cane was nominal. 



Strife 1 ) M.xu'Brrius 

Locai, , 

PO[7-VD^ 

— 


. 




January 

March 

January 

March 

Weight p«r canc (lb.) . , 

1*74 

1 

1 1’79 

1‘7S 

1-91 

Juice per cent. ..... 

71'C 

65' V 

73T 

711 

Sncroae 

f 1J19 

12*11 

12-34 

11-20 

,■ per 100 parts of juice. 
Invert sugar j 

) 

L 083 

0-73 

1-29 

1-01 

Brix 

16 1 

14*8 

15-3 

14 5 

Co-effieient of, purity 

84-7 

/8-4-6 

83-6 

8V5 


These two experiments leave no doubt that sugarcane 
can be safely preserved in clamps until the end of March at 
Peshawar without suffering any serious loss. The number 
of canes which rotted in the clamp was very small; rotting 
was quite definitely restricted to cane which had been 
accidentally cut or broken and did not extend beyond the 
originally damaged part, nor did it spread to sound cane. 
No sound cane was damaged at all. 
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Mr. :^bertsoii Brown and the writer have discussed the 
practicability of employing this process on the lar^^e scale 
for the advantage of a factory. There is no doubt” that it 
18 rather more troublesome to take cane up by the roots 
than to cut it ofi; there is also the cost of putting the cane 
into clamps, and the cost of taking it out again. Altogether 
apparently this increased cost would come to about one 
anna per maund of cane. On the other hand it is to be 
realized that a factory situated in this part of India could 
certainly afford to pay somewhat more for cane in February 
and March rather than stop working altogether, for in the 
latter event the whole of the more expensive staff is kept 
idle and the daily paid labour becomes dispersed. It is 
therefore by no means necessarily the case that because it 
costs something to put cane into clamps, it would not pay 
everyone concerned to employ the process. 

Estimates were obtained during the year for a small 
sugar factory fitted for working beet and cane and capable 
of producing from 1 to 2 tons of sugar per day. These 
were submitted to the Agricultural Officer, North-West 
Frontier Province. Briefly the factory would cost about 
Us. 1,50,000 erected; the annual running charges would 
come to : — 



Rs. 

Wages, etc. 

. 10,000 

Cost of 900 tons of cane 

. 9,150 

Cost of 900 tons of heet . 

. 10,800 


29,950 


whilst the value of sugar produced (155 tons) would be 
about Rs. 33,480. The total sugar annually imported into 
the North-West Frontier Province is about 9,000 tons 
which is either consumed locally or re-exported to other 
frontier countries. Some of this sryar could be easily 
grown and manufactured locally without in any way 
seriously affecting the local production of g^ir, which is 
considerably greater, namely, about 35,000 tons. 
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Cocoa-nut “ milk.*' At the request of the Chief Coll 
missioner of the iVndamaiis and Nicobar Islands the milk 
of cocoa-nuts was examined with a view to ascertaining 
whether it possesses potential commercial possibilities. 
About twelve lakhs of nuts are utilized annually in the 
Jail, but for the milk there is no commercial outlet and it 
is thrown away. It is only a weak solution of sugars and 
other carbohydrates with small amounts of proteids. The 
sample sent to Piisa contained 0T871b, sucrose, 0 05611). 
glucose and 0- 2581b. of other matters, mostly gums, per 
gallon of the milk. Boiled down to the dry state it 
formed a very pleasant tasting " toffee,” but it could not 
possibly pay to conduct this process on the manufacturing 
scale. 


IX. Starch. 

During the year my attention has been directed to the 
possibility of economically manufacturing starch from 
Indian materials. One of the results of the war has been 
to cut off some of the usual sources of manufactured starch, 
resulting in enhanced prices. 

The process involved in starch manufacture is extremely 
simple, but in order to be financially successful the raw 
material must be cheap and tlie factory macliinery both 
efficient and well run. This implies expensive manage- 
ment which can only be economically applied for large 
(juantities of starch. 

Among Indian raw materials which could possibly 
fulfil the requirements of the industry, is the sweet potato, 
[Ipornoea batatas,) which is cultivated widely in Bihar, 
yields well per acre at small cost, comes into the market 
at several different seasons and some varieties contain 
upwards of 20 per cent, starch. Experiments have there- 
fore been commenced on the subject of starch manufacture 
generally and primarily from this material in particular. 
A very good quality of farina"’ can be readily prepared 
from it. 
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X. Milk. 

Detection of added water in milk. The value of the 
freezing point of milk as a means of detecting added water 
was referred to m my last annual report. It was there 
explained that the value of the test could only be .^iyen 
serious weight after determining the freezing point'’of a 
considerable number of milks of known purity, and if the 
variation were then found to be sufficient ly small. 

I took the opportunity when on tour to apply tlie test 
to a further number oi milks at dairy farms, and although 
the variation of freezing point among milks of Indian 
cattle is greater than has been found elsewhere, there is no 
doubt that it tonus a much more delicate test lor added 
watei than those hitherto employed. It is proposed to 
publish a note on the subject shortly. 


XI. PuOGPvAMMK OF WORK FOR 1915-16. 

Major mhjects : — 

1. Records of the amount and nature of drainage water 
from fallow land, and land bearing crops are maintained. 

2. Experiments on possible improvements in the refin- 
ing of saltpetre will be continued. 

3. The relation l)elween the transpiration of water by 
plants and the assimilation of plant material during the 
period of growth will be examined. 

4. An examination of the proportion of starch in some 
of the Indian starch producing crops will be made and 
their possible utility from the uianul’actiiidng standpoint 
will be considered. 

Minor subjects : — 

None. 

XTl. Publications. 

1, liidiim Viiiagk* Aslies as a Soiin'e of Ciude Potasli Salts, by 
J. Walter Leathei'. The Indian trade Journal, uwxrui, 

p. 132, 
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REPORT OE THE IMPERIAL ECONOMIC 
BOTANISTS. 

(A. Howard, C.I.E., M.A. and Gabrielle L. C. 

Howard, M.A.). 

I. Introduction. 

The Imperial Economic Botanist held charge of the 
section during the year under review. On February 10th, 
1915, the Personal Assistant was promoted by the Secretary 
of State, on the recommendation of the Government of 
India, to the post of Second Imperial Economic Botanist. 

The work of the staff continues to be satisfactory. The 
post of Fourth Assistant was filled by the appointment 
of Chowdhri Ram Dhan Singh, who was confirmed aftL*r 
twelve months’ service as a probationer. The good work 
of the Second Assistant, Maulvi Abdur Rahman Khan, 
was rewarded during the year by a substantial increase in 
pay. At Quetta, Overseer Chandu Lall has made satis- 
factory progress. 

Two advanced students, from Bombay and Bengal 
respectively, worked for a session in the section. The 
former then proceeded to England, having obtained a 
scholarship for three years for plant-breeding work; the 
latter has been recommended for trial in the Bengal 
Agricultural De])artment as a probationer. 


II. Investigations at Pusa. 

Wheat. Pusa 12. In the last report, a detailed account 
was given of the successful trials by cultivators of Pusa 12 
in the chief wheat-growing provinces of India and of the 
initial steps contemplated in the establishment, on a com- 
mercial scale, of an improved grade of white wheat. 
During the year under review, considerable progress has 
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been made in both these directions and important results 
have been obtained. 

In connection with the trials of Pusa 12 by the ryots 
in the various wheat-growing areas, the results obtained 
in the United Provinces are perhaps the most important. 
The season in these provinces was not a very favourable 
one for wheat. The rains ceased early and, in many Dis- 
tricts, the crop had to be sown in too warm a seed-bed. 
The winter rains were late and although there was a 
marked improvement in Pebruary, this was speedily 
follo\ved by long continued Avet weather which brought on 
rust and seriously diminished the yield. Tmder these 
adverse conditions. Pusa 12 did well and stood out 
conspicuously from the country wheats. The general 
results are thus suinined up by the Director of Agriculture 
in “ United Provinces Agricultural Notes for March, 
191.5 ” ivhich appeared in the Pioneer of April 11th last. 

“ Pusa No 12 wheat, of which a considerable area is 
now grown over different parts of the Provinces, has done 
well everywhere. Tt lias shown itself relatively rust^ 
resisting, and has given a good yield even in t^e worst 
affected districts. This feature has attracted particular 
attention in a year like the present ^ and there is little 

doubt about its rapid spread in future. 

Tn the previous wheat year, 1913-14. a season of short 
inoisL.. Pusa 12 did much better than the ^ 
wheat, a, it wa, able to r^pcn a go.j 
paratively little moisture, t- h , (leading 

fc gtowlh periol, the early “jX J 

to . warm seed-bed aad sr.bsec,,™ ImW ^ f h* ; 

to w-ither and to be des.^d bv * e J 

continued wet weathei at ^ ,.1 ..wp the chief factors 

(giving rise to serious ® ° Gangetic alluvium, 

which limit the yield ot wh . ^ variety in 

From the point of view ot ^ ^ 1914-15, have been 

this tract, the two seasons, ^ 

very favourable ones as in ‘ ^2 has shown a 


been experienced. In both }ear., 
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marked superiority over the local wheats and these facts 
must be regarded as of the greatest promise for the future 
of this variety. 

During the year, the best yield of Pusa 12 so far re- 
ported was that obtained by Mr. Plarke at the new Sugar- 
cane Experiment Station at Shahjahanpur, where over 50(1 
maunds of seed were obtained from an area of 16-^' acres, 
although a portion of this was badly lodged by rain and 
wind just after the crop came into ear. This outturn is 
over 30 maunds or 40 bushels an acre. Very good returns 
were also obtained on the private farms of the Taluqdars 
of Oudh as well as in other parts of the Provinces. The 
results clearly show that it is possible to produce in India 
wheats which combine both high yield and good quality 
when grown by the people themselves. 

Progress has been made in the work relating to tlie 
shipment of Pusa 12 for trial by the Millers of the 
United Kingdom, This side of the work is being 
carried out in the Central Circle of the United Pro- 
vinces with the co-operation of Mr. B. C. Bnrt, Deputy 
Director of Agriculture, who is working to replace the 
country wheats by Pusa 12 from certain centres near Cawn- 
pore. The surplus will be bought up by Government and 
shipped by Messrs. Ralli Brother.s who, with Mr. Humph 
vies, have undertaken to bring this wheat to the notice of 
the Home Millers so that they may have an op])ortunity of 
getting first hand experience of its qualities and behaviour. 
In the District work, the Co-operative Credit movement has 
been utilized as well as Court of Wards' estates and large 
zcmindan. In spite of the shortness of seed from Bihar 
and the disinclination of the ryots to sell their surplus 
produce, a beginning has been made during the present year 
and the first parcel was sent to London in June last, In 
1916, it is hoped to send larger quantities and to organize 
the work in such a manner that certain of the local wheat 
markets will in time be able to supply pure Pusa 12 to the 
shippers. The work in the Central Circle of the United 
provinces in attempting to replace a country crop by a 
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new variety of better quality is an important undertaking 
which, if successful, will be a distinct step m advance. 
Up to the present, what has been done has lieen to produce 
improved wheats and to test them under cultivators 
conditions. The next stage is to replace the country crop 
by the new kind and, while this is in piogiess. to convince 
the Tlonie ^fillers that India can produce niucli more 
valuable vvheats than those now exported. Once a laro'e 
area is completely replaced, the wheat trade can supply 
itself and fraudulent admixture with local wheat will be 
rendered difficult. 


Besides Pusa 12, t\vo other new wheats, Xo. 4 and No. 6. 
are proving useful in (‘ertain parts ot India. Where the 
supply of soil moisture is limited and where the general 
conditions require a ra])idly maturing wheat, Pusa 4 is 
meeting a long-felt want. This variety possesses strong 
straw, good grain and is also practically immune to yellow 
rust. In Buiidelkhaiid, it is being successfully distributed 
to the cultivators by iMr. Burt. As a cover crop for Java 
indigo in Bihar, this variety is also likely to be of use. 
The kind, liowever, which appears to suit Biliar best as a 
single crop is No. 6, whicli for the last few years has 
done exceediiiglv well on the Belsiind estate. It is 
practically immune to both the common rusts in Bihar and 
seems to thriie even under adverse conditions. With the 
spread of drainage in Bihar, it will be possible to extend 
the cultivation ol wheat and to make sure ol a fair crop 
even in unfavourable seasons. 

In addition to the results obtained in India, the new 


Pusa ivheats have boon tried with success in other countries 
In. the Argentine, where tlie ordimny ciop is oiten 
damaged by hot winds before liarvest. Pusa 12 and Pusa 4 
have given good results and a stock of seed is being woi e ^ 
up for distribution or] the (Nnenvaent fat ms. ^qna > 
favourable reports Inne been obtaiiv A Pom Austra la an 
the Sudan. It seems ])robable that. ii. addition to India, 
Pusa will prove of use as a wheat -breeding station ior the 
warmer wheat-growing areas ot tlie uoilc . 
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Wheat-breeding. Considerable progress has been 
made during the year in still further improving Indian 
wheats in the direction of increased rust-resistance, better 
standing power and higher yield. The past year has been 
perhaps the worst for wheat so far experienced at Pusa. 
The root development was poor, due to the warmth of the 
sub-soil, and, after the crop came into ear, the wet weather 
was followed by an epidemic of rust. Notwithstanding 
these adverse conditions, a good many of the cultures were 
not affected by either of the three rust fungi which attack 
wheat in Bihar. These new wheats are now in the fifth 
generation and are practically fixed. 

Tobacco. The demand for seed of the cigarette 
tobacco, Type 28 , continues to increase and a large quantity 
was distributed during the year. It will be necessary to 
raise still larger quantities of this seed in future years to 
meet the ever increasing demand. The seed was cleaned 
and separated into two grades before issue by a special 
m,achine on the principle of a corn dresser. All liglit and 
poorly matured seeds are removed and the resulting seed- 
lings are stronger and more robust than those raised from 
ordinary untreated seed. The tobacco seed is so minute 
that only those individuals which are heavy and well filled 
contain sufficient reserve material for producing rapidly- 
growing seedlings. 

During the year, the practical results obtained in the 
cultivation and curing of tobacco were published as a 
bulletin. These have been referred to in previous reports 
and it is unnecessary to repeat them here. The experiments 
connected with improved methods of raising tobacco seed- 
lings and with green-manuring for this crop are being 
continued. 

Progress has been made during the year in tobacco 
breeding and in the study of the inheritance of characters 
in both iV. tabacuin and nistlca. 

Indigo. A considerable amount of progress was made 
in the indigo investigations which enabled definite recom- 
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inendations to be placed before the planting eonimunily. 
A study of the so-called wilt disease, which has been 
responsible for the great diminution of area under Java 
indigo in Bihar in recent years, led to the realization of 
the important part played by the root nodules in the 
general economy of the plant and also in the production 
of indican. This in turn made il possible to perceive 
the factors on which the yield of indigo depends and to 
work out improved methods of production i)otli of indigo 
and of indigo seed. 

Indigo wilt was found to be the last phase in a star- 
vation process which always takes place in this crop when 
the work of the root nodules is seriously interrupted. Wilt 
may be produced in two quite different ways. In the first 
place, when indigo has been subjected to long continued 
wet weather, resulting in a waterlogged condition of the 


ground and in an insuliicient su])ply of air for the roots 
and nodules, the plants cease to tlirive, growth slows down 
and the characteristic unhealthy foliage associated with 
wilt is produced. Sucli plants die slowly without setting 
seed and when the wilted condition has been reached are 
found to have lost most of their nodules and feeding roots. 
In the second place, wait is produced in healthy plants 
growing in soil wdiere there is plenty of air and moisture, 
when tlie nodules ai’C suddenly deprived of their food 
supply. If rapidly growing Java indigo, sown in August 
for seed, is cut down to the ground in October, most of the 
plants die and only a few make fresh growth. In the 
majority of eases, this new growth is ivilted am j P ® 
maintain themselves during the cold Meathei wi i m 
greatest difliculty. Examination ot tin loots, .0011 a 
the cutting back,' shows that tlie nodules are in a 
condition. These results enabled improved 
cultivation and of seed-growing ti’ be 'p’'"'-' 
immediately tried and found -uccesslul on tie ^ 


estates themselves. 

The secret of socccss i. Hie t-'O ”'3 

merit of totli Ji.« ami S»mat™iia la.ligo aas ten o 
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to be efficient surface cultivation in the hot weather com- 
bined with drainage in the monsoon. The hot weather 
cultivation, for which suitable implements have been 
introduced into Bihar, enables the crop to obtain an ample 
air supply and also leads to the destruction of weeds and 
to a great saving in the cost of production. Surface 
drainage on the Pusa system, by ]n^eventing the flow of 
surplus rain water over the indigo fields, assists in main- 
taining the essential air supply to the roots and nodules 
and so tends to increase the growth and to prevent wilt. 
The adoption of these methods on the Dholi estate for the 
1914 crop led to a record yield both of hnished indigo and 
of seetk. 

The discovery of the nature of the wilt disease also led 
to a method of growing the seed of Java indigo which is 
rapidly being taken up all over Bihar. Formerly, the old 
indigo crop was kept over the cold wxather and seed was 
collected from these plants. This placed the planters at 
the mercy of the season as, in many cases, the crop became 
so weak from wilt that it produced only a small quantity 
of poor seed. At the same time, very large areas had to 
be set aside for seed vrhich becaine very foul with weeds. 
The new^ method makes the ] Jan ter independent of the 
season and leads to the certain |) reduction of well -grown 
seed from a comparatively small area wlJch can e^isily be 
kept in a clean condition. For seed, Java indigo must be 
sown in early August in high-lying, well-drained fields 
which are in good condition. The plants must be well 
cultivated and properly spaced so that they grow rapidly 
and come into flower towards the end of October. At this 
period, the weather is warm and dry, bees are abundant and 
all the conditions for pollination are ])resent. This method 
w*as adopted on the Dholi estate for the 1915 harvest when 
a very fine crop of seed of over eleven maunds to the acre 
was obtained. The land was afterwards kept through the 
hot weather and yielded crops of leaf in the ordinary way. 

The provision of a better cover crop for Java indigo 
has enabled several estates in Bihar tn reduce the cost of 
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cultivation. A new variety ol wheat, Pusa 4, has been 
introduced which can be grown with indigo on high lands. 
This wheat is a rapid grower, does not tiller much, has a 
strong straw and is provided witli few leaves. On this 
account, the young indigo plants get a full supply of liglit 
and air and the two crops do veiw well together. It is 
hoped later on, w^hen this new wheat spreads, to establish 
a grade for the (hilciitta market. 

Among the items of investigation now in ])rogress with 
regard to indigo may be mentioned the selection wmrk on 
Java and Sumatraiia and the experiments devised to 
increase the elhciency of sceth as a manure. New varieties 
of Sumatrana and Java indigo are being tried this year on 
an estate scale and the results will be dealt with later. 


Evidence has been olitained that a part of the value of 
seeth in tobacco growing is its powmr of aerating the soil 
and of providing the soil organisms and the roots ot the 
tobacco wnth an adequate supply of air. If this is con- 
firmed, seeth can proliably be made to go further by adding 
the proper proportion ol orokcii tiles {thikavd) to tlie sod. 


The jirogress that has already been made in the indigo 
investigations indicates that the prospects ot resuscitating 
the imUistrv are verv tavourable. The competition of the 
synthetic product has, for the lime, iieeii removed, a period 
of hicdi prices has set in m liich will be the means of 
eBt,bfeh...g c,,i,li.!<..ac. .ml of piutuig the wh.A 

ere gnnving iluligo mlo or, lee He value ol the '”<l“ef'! 
to Blhnr agrioiiltuae ie eoMsiaoviihle. Oftti is an exiellent 
amt .1,0 |.aa. plaveh hy the .lava h “I ;» 
rotation in aerating Ihe subsoil ,s iinich ‘ ’ 

ooniinonlv roallKih .Mnut fro,,, „l the » 

■ I- ' • thu ii'ihistrv is well worth ha\iii|, iioi 

iiuligo growing, the •'''P , . j ,1^ and of the 

the point of view ot I'ae \ielt.ne or um , i 

maintenance of the fertd, tv ot t ie ^ 

Gram. For been iii progress 

varieties ot gram, cultna u 
at Pusa and a good de,,l ^ 

general requii’cinenls ot t 
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vation. A considerable volume of results lias been obtained 
which has now been arranged for publication. As in Java 
indigo, the well-being of the crop depends to a very large 
extent on the physical condition of the soil and on a 
copious supply of air to the nodules and roots. The results 
obtained, on different classes of soil in the Botanical area, 
explain both the present geographical distribution of gram 
in India as well as the dependence of the yield of seed on 
the season. The two chief climatic conditions which limit 
the yield are heavy rains, which produce surface crusts and 
deprive the roots of air, and damp weather at flowering 
time which interferes with pollination. Self-pollination 
is the rule in gram at Pusa but instances of natural cross- 
ing occasionally occur. Twenty-five types, differing widely 
in habit and yielding-power, have been isolated which are 
now being tested for yield under varying conditions. One 
interesting fact has already come out of these variety trials, 
namely, the union of high yield and good quality in the 
same variety. Type 9, grown at Pusa for the last four years 
on a large scale, on widely varying soils and in very differ- 
ent seasons, has given an average yield of just over twenty 
maunds per acre. This is the second highest average out- 
turn, the best being that of Uventy maunds thirty-three 
seers yielded by Type 18. Taking both yield and quality 
into consideration, however, and on the basis of the valua- 
tion of Messrs. Ralli Brothers, Type 9 gave the best return, 
an average of Rs. 78-11-0 per acre while the average pro- 
duce of Type 18, the highest yielder, was worth only 
Rs. 61-4-0 per acre. This result is another illustration of 
the value of selection methods in .improving Indian crops in 
the present condition of agriculture in this country. Had 
an attempt been made by hybridization methods to achieve 
such a union of yielding power and grain quality, the work 
entailed would have been arduous and long continued. 

Fibres. In 1910, a study ot the varieties of yatwa 
(Hibiscus cannahmus) was comf)leted at Pusa when it was 
observed that one of the kinds, Type 3, appeared to be much 
more suitable for cultivation than any of the others. In 
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the account of this work published in 1011 {Mem. Dept, of 
Agr, in India, Botanical Series^ Vol. IV, No. 2), mention 
was made of a possible method of keeping cultures of this 
type pure by removing heterozygotes in the seedling sUge. 
If this could be done in practice, the diiheulties with regard 
to vicinism in the case of a crop in winch a good deal of 
natural crossing takes place, would be surmounted. Since 
that time, Type 3 has been grown from unprotected seed 
and every year the plot has been rogued in the seedling 
stage and again before flow^eriiig commenced, in this way, 
all heterozygotes have been removed and the kind has been 
kept pure, notwithstanding the many opportunities of 
crossing wdiich occurred with the other types grown in the 
Botanical area. A pure seed supply having been obtained 


and the method of production having stood the test of time, 
steps were taken to work out the best way of retting and 
to obtain expert opinion on the produce as compared with 


the hbre produced locally. By cutting the plant at the 
proper time and retting it in clean river water, a very fine 
sample of fibre was produced which was submitted for 
opinion and valuation to Messrs. W iggles worth & Co., 
82, Fenchurcb Street, Loudon, E.C., who valued it at £18 
per ton compared with £b from the locally produced fibre. 
Messrs. Wiggles\vortli stated that the sample of iype 3 
was of excellent growth, being 10 to 12 feet long, excep- 
tionally light-coloured, correctly retted and thorougi y 
cleaned. Judging by the individual stalks, I should 
conclude that the yield of fibre must have been o± qui e 
exceptional weight. The fibre is pure from end to end anu 
is free from root. It is also of good tensile strength and 
I have no hesitation in pronouncing it the best speci 
of fibre from the Ilibhcm plant nh.ch 

been submitted to me. This class of h cou c 


almost unlimited quantities. 

Great stress was laid by Mesf.- « d®'®" 
report on corrert a, id thorough iv.ting and on the impo 
ance of this tn eonnectton 
.aloatioii will serve to draw atte.dion oaee 
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^reat increase in value of fibre, such as Deccan and sann 
hemp, which would immediately be obtained if more care 
were taken in retting and in placing the product on the 
market in the most suitable form. All this has been 
pointed out many times before but the fact that a carefully 
retted sample f rom India should have made such a favour- 
able impression on the brokers proves how low is the present 
standard of preparing fibre in this country for the 
European manufacturers. 

Seed of Type 3 can m\x be obtained at Pusa and trials 
of this fibre on some of the estates in Bihar are being 
arranged. 

The work on tlie inheritance of characters in Hibiscus 
Sabdariffa and on sanai {Crotalaria juncea), referred to 
in the last report, was continued during the year and 
considerable progress was made. 

Oilseeds. For some tiTiie, a botanical study of the oik 
seeds of India has been in progress at Pusa and the results 
obtained in the case of two of these crops — safflower {Car- 
thamus tinctorhis, L.) and rai {Bnissica juncea, H. f. & T.), 
—have been prepared for publication. During the coming 
year, it is hoped to continue the study of Indian linseed. 

Safflower, Both as a source of oil and to some extent 
of colour, safflower is widely distributed over many parts 
of India. The crop has been under investigation at Pusa 
for six years during which period a fairly detailed 
botanical study has been completed. Form separation has 
been undertaken, the heterozygotes have been removed and 
tw^enty-four different types, covering a considerable 
iiorphological range, have been studied in pure culture. 
The pollination mechanism of the flow^ers has l)een 
investigated as well as the influence of moisture on setting. 
Self-pollination is the rule in this crop luit a fairly large 
proportion of crossing also takes place. In 1914, when the 
types w^ere grown next to next in lines, this was proved to 
be about sixteen per cent. 

The distribution of the red colouring matter (carthamin) 
to the flowers of safflower was found to be complex, indi' 
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eating the existence of , nttmhet „f ,|,je„nt eelour factors 
Catthamtn IS absent a together in s,mc oi ,l,e ivpes tS 

others ,t „ but feeblv tlevel„ge,|. Dr. ifaLleu of 
Madras, who e„ncd out some djeing te,,., (he ,„i„us 
types, fouiui hat t e best colour hear.ug rar.etv was eight 
uies better than the worst, I„ the percentage of oiHn 
the seeds. Ilia range in values is iiotliiug like so great as 
in the case ot the carthainin content of the faded flowers 
With one exception, the percentage of crushed seeds ex' 
tracted by ether varied from 20-77 lo ifOdfJ, Nineteen of 
the twenty-four tyi>es contained over one quarter of their 
weight of oil. Oil and carthamin content were not found 
to be antagonistic and in several tjpes higli oil and high 
colour occurred together. 

Indian mustard [rai). ihe iiKcst jiiteresting feature 
of this crop, when studied in pure cidture, was found to be 
the extraordinary range in form. One hundred and two 
])ure types were isolated winch \aried from thirty inches 
to nearly teu feet in height. Almost every conceivable 
intermediate form between these extremes was represented 
and so close was the resemblance that in many cases tlie 
types would only be distijiguished by the massed habit. 

Self-pollination was found to be the rule in rai but 
cross injj, to the extent oi about tonrteeii per cent., occurred 
when the t}'pes ^ve^e grown next to next in lines. The 
pollination details were fouiui to agree in the main with 
those previously described in other species of Dnissica. A 
certain amount of e \ idence was obtained on the inheritance 
of characters in this crop which indicated the existence of 
numerous factors. Time wall not admit of this aspect of 
the \York being continued. 

Both ill salllower and in yv/i, the results obtained in 
this study point lo the overwdielmiiig importance of 
selection in the improvement of crops like these in wdiich 
some crossing takes place and wdieu the range of form is 
so greiit. Bonn separation, if conducted on a broad basis, 
would almost certainly lead to the isolation of any desired 
type winch could be multiplied at once and distributed to 
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cultivators. Hybridization work, on the other hand, begun 
without exhausting the possibilities in selection, might 
easily prove to be unnecessary even if, after many years 
of work, it proved successful. 

Soil ventilation and drainage. For some time the 
existence of an important limiting factor in crop produc- 
tion has been suspected in India, namely, the want of suffi- 
cient air for the soil organisms and roots of plants. A 
large number of observations on plant growth have been 
made at Pusa, at Quetta and in other parts of India which 
can be most easily explained by a want of proper aeration 
of the soil. All the evidence obtained, as well as the results 
of a number of experiments, have been consistent with this 
view. During the year, a preliminary statement of the 
case was put forward in Bulletin 52 in which some of the 
work in progress was outlined. The volume of the gases 
in the soil is naturally bound up with the amount of water 
present and this in turn opens up many questions with 
regard to irrigation and to the saving of water in crop 
production. The practical applications of the views put 
forward are many and obvious. In some cases, they have 
already been translated into practice. The regulation of 
the air supply of the soil in the case of Java indigo has 
given important results which have been indicated above 
under that crop (p. 35). There seems little doubt that 
the future of the indigo industry in Bihar depends on the 
copious aeration of the soil in which this crop is grown. 
In the ease of green-manuring in India, soil ventilation 
appears to be one of the chief factors on which success 
depends, while in tobacco cultivation in Bihar there is 
reason to believe that the cost of manuring can be mate- 
rially reduced if means of permanently aerating the soil 
are adopted. 

Perhaps the most important direction in which the air 
supply of the soil can be increased in Bihar is by means 
of surface drainage. A method has been worked out at 
Pusa and is now in successful operation on several of the 
estates in Bihar. This consists in dividing up the area 
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to be drained into areas, of from live to ten acres in extent 
by means of a set of trenches, su devised that the surplus 
ram water is got nd of and, at the same time, soil erosion 
IS prevented. On tlie Dholi estate, some remarkable 
results were obtained during the year. In one ease, a 
large area, which previously gave little or no return on 
account of waterlogging, was so transformed in a single 
yeai by surface drainage that it was let out to ryots for 
chillies at a rent or ninety impees a bigiia, to the manifest 
advantage both of the cuituators and of the estate. In 
another case, a portion of the zorat which had previously 
been rendered very infertile by scour was let to tobacco 
growers, lor the first time, at a rent of one hundred and 
forty rupees a bigha. [Similar results have been obtained on 
other estates and there is lit tie doubt that this iuipro\ement, 
the capital cost ol which is not more than two rupees a 
bigha, will spread rapidly in liihar. To obtain the best 
results, however, it \m11 be necessary to study the rivers in 
North Eihar in detail and to draw up proper drainage 
maps and working plans. This aspect of the subject has 
been dealt with in Bulletin 53. The full development of 
drainage in Bihar is now beyond the means of the Botanical 
Section and can only be realized by the employ iiient of 
engineers. Enough has been done, however, to show how 
much the production of Tirhoot can be improved by in- 
creasing the air supply in the soil by surface drainage. 
Bihar is now the waterlogged garden of India. Drainage 
would double its production. 

III. The Dkvelof-Mext of the Agricultuke of 
Baluchistan. 

The preliminaiA' work connected with the establishment 
of the fruit and agricultural Experiment Station at Quetta 
has been described in detail in previous reports. During 
the past year, the final details coiiiie^ ^ed with the irrigation 
arrangements ami storage of water were completed. In 
addition, a good many results of practical value were 
obtained. 
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Dry farming. The saving of irrigation water in wheat 
growing in India is one of the problems which is certain to 
receive, in the future, an increasing amount of attention 
on the part of the Agricultural Department. Any exten- 
sion of the area irrigated by the water now available means 
increased revenue to Government and greater openings for 
the surplus agricultural population. At the same time, 
the less water applied per unit area, the smaller is the 
danger of waterlogging and of interference with the 
general healthiness of the locality. A study of the wheat 
crop under irrigation in many parts of India indicate.s 
that too much water is often given and that satisfactory 
crops can be grown with much less than is now applied. 
This is particularly the case in the Quetta valley, where 
good crops of Aviieat are only giuwn on lieavily manured 
land which receives at least six and sometimes more water- 
ings. These frequent waterings are considered essential, 
as the crop has to ripen under a rapidly increasing 
temperature and in a wiud-swe})t area where the huinidity 
is low. The circumstancos at Quetta appeared to be 
exceedingly favourable for experiments in water saving. 
These have been conq)leted during the year at the new 
Experiment Station and Uic results are of more than local 
interest. It has been found that very satisfactory crops of 
wheat can be grown on a single irrigation. This is applied 
to the land during Se[)teinber after which it is cultivated 
and sown in Oetobei’. A good germination is obtained 
and there is ample moisture in the sub-soil for the develop- 
ment of a deep root system during the autumn and winter. 
After each fall of winter rain or snow, the soil Tuoisture 
is conserved by harrowing with the Catuidiau lever harro^v 
and, by the time the crop begins to shoot in March, there 
is a good deal of moisture left in the ground. There is 
also an ample supply of air for the roots and crops grown 
in this way ripen much earlier and better than the ordinary 
irrigated cro[). The wheat thus escapes a good deal of 
the heat and dry winds of May and June. The yield 
obtained on an area of 2-85 acres of un manured land at 
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Quetta on one irrigation ^vas 47 inaimds 24 seers or 
16 maiinds and 2^ seers to tlie acre- -an outturn which 
compares well with the inei’age ot 1)1,\ iiiaunds |)er acre 
errown on similar land witli six or seven ^^'ate^ingsd 

In the above experiment, the comlitions were not very 
favourable. The rain whicli fell during the life of the crop 
was badly distributed. There was little rain in January 
and February while the late falls in April formed surface 
crusts which could not be liroken u|) on account of the 

height of the crop. A yiehl of over 16.^- maunds to the 

acre with one irrigation, comi^ared witli the average of 
13^- maunds with at least six waterings, clearly proves that 
at the present time large quantities of valuable water are 
being wasted in growing wheat in the Quetta valley. There 
is little doubt that the same thing is taking place in the 

Punjab where the duty of irrigation water could be in- 

creased considerably. 

Fodder crops. One of tlie great needs in Balnclnstan 
agriculturo at the present time is some crop by means of 
which the porositv and moisture holding capacity of the 
soil can be increased. Leguminous foddet' crops, whicli can 
also be used as green inamirc, offer a possible solntiou of 
this problem ami aooordiiigly some attentioTi has been paid 


to this matter. 

Shyiftdl. The most promisiiis' fodder crop suitable for 
"reeii-niamirino; rairpose.s so far found at Quetta is Persian 
dover or s7ia/C,/ {Tritoliinu 


‘Tl.f result, of nmm-v-.u. rn.p-. uii i..u- fxner.mc.Sf i„ tl.e Uierirt 
np hi tlie Qucita I'Mi,, o.ooo.. (].. of ivlieat 
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maunds in the Kasi ( inlo and I ■ ■ ^ mmivked that the 

Cinte. Mr. .T. .C r.aivfovd, Q , i,,,,. F,,,iH.r ex,en™«'- 

results of crop cMper.mcnts wnre noti. . d 

made m 1903.04. li.nvevcr, .dionul s ^ jj,,i,.atod land not manured 

and inamired land h.ung 24 in.iinuh, ^ , ,„f to'lie as under :- 

13J maunds. In other part-, the aier:,,, li.isii. __ 


j>er apre in irrigated land wus ttunui to hr ISo 
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Circles. Mr. J. A. CrtiNvftMui. in eoinmcitm- ou t 
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in August, under a thin cover crop of maize or jmr, Persian 
clover, if properly managed, gives on good land three cuts 
of green fodder, weighing about 60,000ft. per acre, before 
the end of the following May. In addition, the last cut 
can either be ploughed in as a green manure or else kept 
for seed. The yield, however, is greatly reduced both by 
overwatering or by failure to cut the crop in time. The 
beneficial effects on the soil following shaftal are very great 
particularly on the tilth and general fertility. This is now 
being recognized and a considerable amount of seed was 
distributed in 1914. 

Before shaftal can be taken up on the large scale by 
zamiadars, some method of disposing of the crop to ad- 
vantage must be found. The green crop is a safe fodder 
for horses and cattle and particularly for dairy cows, 
provided care is taken to mix it with sufficient hhnsa. 
Lucerne, ho^yever, is undoubtedly a more popular green 
fodder and is now grown on a large scale round Quetta. 
Green forage, however, can only be produced in the summer 
and during the wunter there is a large demand for dried 
fodder. This is at present met by lucerne, dried in the 
country fashion, without fermentation. The harsh and 
brittle nature of this food is obvious and it has the further 
disadvantage that it cannot be made into pressed bales. 
During 1914, experiments were made in the drying and 
baling of shaftal By carefully adjusting the moisture it 
was found possible to ?nake shaftal into good hay, to 
obtain the proper fermentation in the stack and to press 
it into bales. This can only be done in the exceedingly 
dry climate of Quetta by conducting the operation in all 
its stages in such a manner that the shaftal never becomes 
air dry. Once it is completely dried out, it is so 
brittle that it cannot be handled and baling is out of the 
question. The final product was indistinguishable from 
good English clover hay. Over a hundred bales were 
prepared in 1914 and tried as a fodder by one of the Heavy 
Batteries at Quetta during the winter. The Commandant 
reported that it was an excellent fodder, much superior to 
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dried lucerne. A much larger number of bales has been 
prepared during the present yeiir winch will lie offered to 
various units of the Quetta Division for trial next winter. 
The military advantage of a pressed fodder, equal to 
English clover hay, is obvious in India while the extended 
cultivation of shaftal in the Quetta ^ ad ley would be certain 
to increase production and thus augment the present 


supplies. 

Lucerne. The methods of growing lucerne in Baluchis- 
tan are of some interest. The land is first of all manured 
before sowing and every year the crop is top dressed witn 
more manure during the winter, Tliere is no cultivation 
at any stage and water is applied by Hooding the surface. 
The frequent manuring evidently promotes aeration of the 
surface soil and so removes some of the disad\antage> 
attending the method of watering. Evidence lias been 
obtained that surface cultivation of the lucerne aftei' 
irrigation by means of the spring tine cultivator is 
likely to take the place of the manurial dressings. An 
experiment has been started to compare the yield of green 
crop under the two methods of treatment. 

Some trials were made m to prepare and bale real 
lucerne hay in place of the dried unfevuiented local 
pSL f. I, U. „ml« S.od l„c«- la, 

the dry atmosphere at Quetta, the process ,s ^ “ 

account of the fact that the moisture is so ie.id 1} 
before fermentation takes place. SUjtal is much more 

grass behaves mucli hke t ed ^ 

nected with the germuiat 

tions are likely to prevent ^ ^ ^ fmi to be unsuit- 

A of r,, ,„.,kh-. Bo,- 

able for hay as the rye gmss due. 
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seem {Tri folium alemndrimm), which does so well in 
Sind, will grow at Qnetta but the weight of crop is small 
and it is not likely to be of use in the valley. A Mediter- 
ranean fodder crop known UvS sulla [Hedysarmu coro- 
narium) was tried in 1914 at the suggestion of Mr, A. C. 
Dobbs, Assistant to the Agricultural Adviser to the Gov- 
ernment of India, but it proved a complete failure and was 
largely killed by the cold. 

Fruit Investigations. Ivrprored fruit ho^res. The 
supply of improved fruit boxes for the use of dealers and 
the public was continued during the year. Tlie demand is 
steadily increasing both on the part of the Indian dealers 
and also from the general public. About 2,500 boxes were 
sold during the year and as these are distributed all over 
India they ought in time to help to raise the present low 
standard of fruit packing in the country. 

Some improvements have been made in the design of 
the packages for the five seer parcel rate. The use of chip 
compartments is being given up while the boxes are being 
made more thief-proof. In place of the separate chip com- 
partments, a collapsible cardboard fitting has been used. 
This folds flat and is imported ready for use. Peach boxes 
entirely of cardboard were put on the iimrket for the first 
time in 1914. The whole of the outside of the box consists 
of a single piece of cardboard and the boxes can be set up 
very rapidly. The separate compartments are of collaps- 
ible cardboard. With these boxes, thefts in transit are 
quite impossible. The supply was sold off at once and. 
judging by the demand, cardboard fruit boxes are likely 
to become exceedingly popular in India. They can be used 
several times over if necessary. 

For consignments over five seers in weight, fruit pack- 
ing cases must be made of wood and, to travel well for long 
distances under Indian conditions, it is essential that there 
should be a system of small units like the two pound 
punnets which are now being adopted at Quetta. There 
is one difficulty, however, which must lie overcome, namely, 
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a reliable source of box boards at a reasonable price. 
Originally, these box boards were imported troni Glasgow 
but the rise of wages and freights has increased the wst 
considerably. At the present time, the conditiojis of trade 
with Great Britain have still further increased prices. A 
large amount of time has been spent in trying to discover 
an indigenous source of suitable wood but without much 
success. India apparently has not yet reached the stage 
when cheap boxes are required in numbers. Most of the 
trade is still in the gunny bag and wicker basket stage. It 
is possible that after the war. the necessary lioards for fruit 
packing boxes can be best obtained direct from Norway. 

Stiffly of fruit trers. A beginning was made in 11)13 
in the supply of fruit trees to the public. Only good 
varieties which suit local conditions are propagated and 
care is taken to sha]m the trees in the nursery during the 
summer before they are distributed. The demand for this 
stock has rapidly increased and during the past year 
beGveen four and five thousand trees were sold. No trees 
are given away and jmoper prices are charged. This tends 
to check \vaste and also ensures that most of the trees 


distributed are properly cared for afterwards. 


Experience shows that the further development of fruit 
throwing in Baluchistan is to a groat extent a question of 
suitable varieties propagated on suitable stocks. A large 
collection of the best local and imported kinds is being 
made and added to every year. The experiments on the 
influence of the different stocks are already yielding most 
interesting results. Ilie mahaleb, mariana. mirabolan and 
almond are likelv to prove exceediiiglv useful as stocks in 


the Quetta valley. For the present, the first three have 
to be imported from France. M itli proper care, ho^^e^er, 
the percentage of deaths is very small and it might easi } 
prove cheaper to im])cvt stocks in bulk than lO laise a oca 
supply. As the new varieties coiia into heaniig and as the 
various experiments with stocks de^elop, it vi ' 

to improve the niirserv work still fiirthri. ^ ^ 

Experiment Station was started, no records ot varieties a 
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been kept at Quetta so that all this work has had to be 
done over a^ain from the very beginning. 

IV. Programme and Publications. 

Programme oi work for 1915-16. Pla7it breeding and 
plant improvement. Work will be continued on the follow- 
ing crops, on the lines indicated in the annual reports and 
in the publications of the section — wheat, tobacco, grani, 
fibre plants, indigo, oil-seeds and fruit. 

Publications. Some progress was made during the 
last twelve months in the publication of result-s but the 
arrears have not yet been overtaken. 

The following papers were published during the 
year 

1. The influence of the environment on the milling and baking 

qualities of wheat in India, IS’o. 3. The experiments of 

1911-12 (with H. M. Leake). Mem. Dept, of Apr. in 

India [Botanical Series), Vol. VI, No. 8, 1914. 

2. Pusa 12. Apr. Jour, of India, A"oI. X, Part 1. lOlo. 

3. The improvement of tol)acco cultivation in Bihar. Bnlle- 

tin 50, Agricultural Research Institute, Pusa, 1915. 

4. Pirst report on the improvement of indigo in Bihar. 

Bulletin 51, Agricultural Research Institute, Pusa, 1915. 

5. Soil AVmtilatioii, Bulletin 52. Agricultural Re. search In- 

stitute, Pusa, 1915. 

6. Soil Erosion and surface drainage. Bulletin 53, Agricul- 

tural Research Institute, Pusa, 1915. 

7. Second report on the improvement of indigo in Bihar. 

Agr. Jour, of India, Vol. X, Part 2, 1915. Reprinted 

as Bulletin 54, Agricultural Research Institute, Pusa, 

1915. 

8. Repoii on Agricultural Botany for 1913-14, foi‘ tlie Boai<! of 

Scientific Advice. 
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REPORT OF THK TMPl^PJAL AIYCOLOGIST. 

(E. J. F. Shaw. B.Sc.) 

T. Charge and Estahetshment. 

The Officiating Imperial Mvcologist remained in charge 
of the section throughout the year. There were no clianges 
in the establishment. Tlic Officiating Imperial Mycologist 
was on tour for 77 days during the year and the First 
Assistant for 75 days ; the “ iifra ” "disease in Eastern 
Bengal, the wilt of chillies at Peshawar and the recent out- 
break of '‘black thread ” on rubber plantations in Burma 
absorbed most of this time. The number of mvcolofrical 

t ’ o 

investigations in progress at some distance from Piisa, for 
Provincial Departments of Agriculture and Forest and 
Opium Departments, is increasing every year. Ai! the 
staff have worked Avell. 

n. Training. 

Babu Jamini Bhusan Sinha, Fieldman in Mycology, 
Saboiir, wms under training from December 5th, 1914. 
Mr. S. L. Ajrekar, B.A., Assistant Professor of Mycology, 
Poona College, worked in the laboratory from 28th October 
to 5th November 1014. l\Ir. R. L. Gupta, of the 
Reid Christian (follcge. LucknoAv, completed a course in 
Mvcology, which he commenced on llth May 1914, and left 
Pusa on 8th July 1914. 

Iff. DrSEASES OF Pl.ants. 

The investigation of the diseases of crops, the collection 
and identification of Indian fungi and giving assistance to 
cultivators and oilicers ot tlie Department formed the prin- 
cipal work of the seCion. 

(1) Paddy. The work on ^Aifi a.’’ the nature of which 
was described in the last annual r / port, Avas continued and 
experiments Avere conducted at C lilhi ^nid at Pusa AAith a 
view to the disimveiy of some I’cmedml measure. Owing to 
a deficiency of water iii the experimental area at Comiiia 
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this work did not give any conclusive results. The expert 
rnent is being repeated this year with additional precau- 
tions. 

Working with small plots at Pusa it was found that the 
disease could lie dormant in the soil and infect a new croj). 
Cutting the diseased crop and burning it in situ, with a 
little kerosine, prevented the infection of a succeeding 
crop. It is unsafe, however, to generalise from a small 
experimen^such as this, for it is possible to subject a small 
area to a much more thorough burning than would be 
practicable on a field scale, 

The infected area in Eastern Bengal appears to be much 
tile same as last year (see map) and the disease has been 
again reported in the vicinity of Ranchi, in Bihar and 
Orissa, where it is said to occur on transplanted paddy and 
not upon the e^rly broadest. 

A diseased conditi^ of the paddy crop in Balasore and 
on the Government Farm at Bankipore was investigated 
but v*' ufra ” was not found; at Balasore drought appeared 
to be the cause of the trouble but at Bankipore the condi- 
tion was sa^ by local officers to be that known as chatra,'’ 
however, no trace of a parasite could be found. 

The/' gwa-bo ” disease, which is the cause of extensive 
damage in Burma, was investigated without any very defi- 
nite result. In some areas about 50 per cent, of the disease 
appears to be due to Sdevotlam ^)rijzir Catt. (vide Memoirs 
of the Department of A[/ric?dture in India, Botanical 
Series, VoL VI, No. 2, July, 1913) but it is almost certain 
that the diseased condition is the result of the combination 
of a number of adverse factors and is not due to the attack 
of any single parasite. In [larticular some insects appear 
to be responsible for a large amount of the disease, 

(2) Tobacco. Field experiments witli " tokra of 
tobacco were commenced and yielded some results of 
scientific interest. Orohanche cernva Loeil. and Orobanche 
Indica Biich. both occur on tobacco but 0. cernva, is much 
the more serious parasite of tobacco and solanaceous crops 
generally, while 0 , indica is a source of heavy damage to 
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Cruaferc (...mustard, cabbage), A good crop of 
tobacco was raised on a field whidi had been under cabbages 
in the previous season and which was known to be infected 
With 0. indica. Further experiments to test the effect of 
different chemical manure, s on the incidence of " tokra ” 
are in progress. 


(3) Rubber (Hevea). At tlie request of ilie Director of 
Agriculture, J^urnnu the section undertook the investiga- 
tion of a disease of Ut-rm called ' black thread’’ in Lower 
ILirina. ^ The disease is characteiazcd by the apiiearance ot‘ 
longitudinal black linos in the naked tissue immediately 
abo\e the tapping cut. Tliese black lines mark areas of 
disintegi atioin stretching throngh the cambium into the 
wood, and as tapping proceeds they follow the fresh cut 
down the stem, ddie flow of latex becomes decreased, but, 
the most serious aspect of the disease is the failure of an 
infected tree to regenerate the bark over the tapped area. 

Microscopic examination of the black cracks has, up to 
the present, failed to demonstrate the presence of any 
fungus parasite, but in the bfirk iinmediately adjoining the 
infected area liyphrU of a fungus often occurred. This 
fungus was identified as Phytophtliora the cause of the 
“ canker ” of Hevea. At the moment of writing the 
investigation has not lieen carried further but cxpei’inicnts 
are in progress.^ 

(4) Sal tree (Shorea robusta). At the request of the 
Bengal Forest Department the section undertook the 
investigation of a disease in the sal forests of the Duals, 
said to be due to a fungus parasite In the Buxa Division 
a considerable number of sfil trees can be seen in a dead and 
dying cwditiou. When dead the trees are left standing 
bare and leafless and in dying trees the foliage is scanty 
and there are obvious indications o a decrease in vigour 
of growth. In all the dead and o} ing trees which were 
examined there were indications o a fungus attack in the 
roots. If the main root of an nnhenlthy tree is laid bare 


* InfeL-tiuns witli pure eultiiros of thi,< 
ill produeiuo this disease oji healtliy trees. 


since been successful 
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to a depth of about 3 feet and the outer corky tissues are 
cut away with a knife it is found that the phloem has been 
destroyed leaving nothing but the bast fibres; in the disin- 
tegrated tissue between the strands of fibres white rhizom- 
orphs occur and a fungus mycelium is everywhere common. 
In dead and badly affected trees this condition is found 
to extend up the trunk sometimes as much as 2 feet above 
the soil. In such cases a fructification of a bracket fungus 
(probably Fomes) is often found on the stem. In every case 
examined in which this fructification wms present the 
phloem showed the diseased condition described above. 
Thus while all unhealthy trees show a diseased condition 
of the phloem, wdth the presence of a mycelium with rhiz- 
omorphs, the most advanced cases of disease also bear a 
sporophore. From field observ^ations therefore there is a 
strong presumption that the disease is due to the attack of 
a basidiomycete of the genus Fomes; the fact that this 
fungus is one of a group which is responsible for most 
diseases of timber strengthens the evidence and moreover 
the presence of rhizomorphs in the diseased phloem is what 
would be expected in association with a Fomes fructifica- 
tion on the exterior of the trunk. 

Tlie fungus has been obtained in pure culture and \vi]l 
be tested by inoculations. While it is not unlikely that the 
fungus is the direct source of damage it will probably be 
found that the conditions under which the sal trees are 
living are such as favour the presence of a fungal parasite 
and decrease the vitality of the sdl tree. When the factors 
which are necessary for the fungus to gain entrance into a 
healthy sal tree are known it may be possible to control the 
disease by altering the hygienic conditions under which the 
trees live and thus lessening the chances of a successful 
infection. It is improbable that it will be possible to apply 
any remedial measures in dense jungle such as occurs in 
Buxa; treatment might, however, be possible in the case of 
plantations. 

(5) Rhizoctonia. Work on this fungus was continued 
and the results arc published as a memoir of the Depart- 
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ment. The species R. Nafi West, was found to be a 
dangerous parasite of mustard and gram. This fungus is 
incapable of active growth at tcnijicratures above 29^0. -a 
circumstance which limits its depredations in India. A 
fertile stage was discovered and found to be identical with 
the well known Botrytis cine re a Pers., which was described 
as a disease of mustard by Frank some forty years ago. 
As a result of this it is considered that R. is not a 
true member of the genus RMzoctonia^ which should be 
restricted to those species wdth a fertile stage in the genera 
Corticium or Hyyochats^ The species R. deslniens Tass. 
was found to be the cause of serious disease of betel \ ine 
and potato in Lower Bengal, Bihar and parts of Bombay. 
In the latter province it also occurred on suran, lucerne and 
groundnut. There were some indications that the fungus 
had a perfect stage in the genera Corticium or IIy'pochnu,< 
but no satisfactory proof could be obtained. Experiments 
suggested that corrosive sublimate was a more reliable 
fungicide against Rhizoctonia than formalin or copper 


sulphate. 

In continuation of the research into the blight of opium 
poppy experiments were conducted with a view to discover- 
ine whether Rhizoctonia or Peronospora was the chiet 
cause of this disease. Poppy was grown at Pusa trom 

jeed supplied by the Opium Depaitmeut and 

crop became infeeted tvilh F. 

was also very plentiful on poppy m the vicim } 

r out at Mai, Kl, ««.««.», and net 

found. The matter cannot be regarded asdehm * 

but 11 is probable that fij;»e,«»i» is only ‘ 
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in SO good a position as it appeared to be last year. The 
well known anthracnose of chillies appears to be the cause 
of a good deal of trouble in the chilli growing districts of 
Burma and some form of treatment may be necessary. 

IV. Miscellaneous. 

A certain amount of work was done on the fungi of 
Pusa soil. The chief interest of this preliminary investi- 
gation was the striking similarity between the fungus flora 
of an Indian soil and that which occurs in Europe. The 
species isolated in Pusa were— 

Cunningkamelhi degans Lendii. 

.1 sperg illui> / u ni Iga tus F res . 

Aspergillus niger v. Tiegh. Steriguuitvcgshs 
nigra v. Tiegh. 

Rhizoctonia \api West. 

of which the first three are all known in the soil in Europe. 

The fungus which causes " red rot ” of sugarcane was 
found to be parasitic upon juar under laboratory condi- 
tions but so far is not known to cause serious damage to 
this cro[) in the field. A rot of bananas was examined by 
the First Assistant and found to be due to a parasitic 
Fu sarin r/L A preliminary account has been published in 
the Agricnltural Journal of India, it appears that the 
disease is distinct from the well known Panama disease of 
bananas. The results of some observations on potato blight 
in India have been published as a memoir of the Depart- 
ment, the chief point of practical importance is the fact 
that the fungus cannot survive in the heat of the piaiiis. 
Mr. Dastur has continued his work on Phytophthora with 
the study of some forms parasitic on Vinca, it is hoped to 
publish results shortly. 

Some preliminary work on the disease of chillies at 
Peshawar indicated that the disease was of the type known 
as ■' wilt.’* Inoculations with a fungus isolated from 
diseased plants were not successful and this year the inci- 
donee of the disease is much less. Treatment of oat smut 
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with iormalin on certain estates in Bihar was, as usual, 
completely successful 

V. Systkmatk; Work. 

The additions to the herbarium amounted to 155 speci- 
mens during the year. Collections of fungi for naming 
were received from, and duplicates Avere issued, if required, 
to the Mycological Oflicers of Provincial Departments. 
Ihe publication of systematic mycology by the Imperial 
Mycologist has been largely done in collaboration with 
Herrn H. and P. Sydow of Berlin; the outbreak of war 
with Germany has of course prevented this collaboration 
being continued and will hinder the publication of the 
series ‘‘ Fungi Tndiae Orientals. " 

VI. Programme of work for PJ 15 - 1 (). 

(1) Research work. All new fungus diseases ol“ cro])s 
will be the subject of investigation as they come to the 
notice of the section but the following diseases will receive 
special attention and wdll constitute main lines of investi- 
gation : — 

(1) Ufra of paddy. 

(2) Smut of sugarcane. 

(3) Wilt of cotton, sesanmm, gram and chilli. 

(4) Black thread disease of rubber. 

(5) Blight of opium poppy. 

(6) Root rot of sal tree. 

Research work Avill also be continued upon phanero- 
gamic parasites and fungi ot the soil. 

(2) ^listematk work, ddie care of the herbarium will 
continue to form an important part ot the work. 

[lapers on systematic mycology will probably be pub is e . 

(3) Trainhcj. This will be continued on the lines indi- 
cated in the prospectus. Short courses may be gi^en as 
necessary. 

(4) Routine work of advising on plant diseases will be 
continued and assistance wdll be given as usua to rovm 
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cial Departments of Agriculture, the Forest Department, 
Planters' Association and general public. 

VIL Publications, 

(1) Butler, E. J. . The cultivation of Rice in Spain and the 

Recent International Rice Congress at 
Valencia, d^n., Jour., India, IX, Ft. 
4, Oct. 1914. 

(2) Dastur, J. F. . The Potato Blight in India. Mem. Dept, oj 

Agri., India, Bot. Ser. VII, No. 3, April, 
1915. 

(3) Shaw, F. J. F. , Report on Mycology, 1913-14, for the Board 

of Scientific Advice. 
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REPORT OP THE IMPERIAL EATOilOLOGlST 


(T. Bainbrigge Flktchi:r, F.Z.S.) 

I. Chargj: and Estaib;isi]5]i-nt. 

The Imperial Entomologist held charge ol' tlie section 
throughout the year. Mr. A. ,1. Grove, Supernumerary 
Entomologist, whose services had been lent to the Punjab 
Department of Agriculture since 27th January 1914 for 
the investigation of insect damage to stored wheat, left the 
Department on 27th April 1915 on terinination of a six 
months’ extension of his probationary period, 3^1r. G, li, 
Diitt was on })rivilege leave from 5th October to 4th No- 
vember 1914 and Mr. 1). Nowroji from 5th to Jlst October 
1914. The services of G. D. Ojha, Eieldman, were lent to 
the Department of Agriculture, Central Provinces, for six 
months from 5th April 1915 in connection with work on 
N efhotettix. 


11. Tours. 

The Imperial Entomologist was on tour in Burma from 
26th July to 6th October, in the Punjab and North-West 
Frontier I'rovince from 9th to 25th October, in the Cen- 
tral Provinces from 9th to 18th April, in the North-West 
Frontier L^roviuce from 13th May to 1st June and also 
visited Calcutta to work at the Indian Museum from IFth 
to 23rd June, a total absence from headquarters of 130 
days. 

Mr C. S. Misra, First Assistant, visited the Central 
Provinces in July 1914 to investigate cane-borers and again 
in February 1915 to inquire into an outbreak ol h efhotettix 
in rice areas for which purpose he also toured in the Cen- 
tral Provinces and Orissa from 5th to 21st June 1915. He 
also visited the Karauli and Benares btates in Februaiy 
and May respectively to advise regarding development of 
the lac industry. 
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Mr. C. C. Ghosh visited the Sepaya Farm in September 
1914 to examine the indigo planted in connection with 
Psylla experiments. 

Mr. G. R. Dutt toured in Southern India from 29th 
March to I7th May 1915 to collect information and speci- 
mens of insects, especially Hymenoptera. 

Mr. M. N. De, Sericultural Assistant, visited Mnktesar 
in October 1914 to distribute directly from there the uni- 
voltine mulberry silkworm eggs which had been placed 
in cold storage during the hot weather. He also went to 
Calcutta in November 1914 to assist in displaying the silk 
exhibits sent from Pusa for the Exhibition of Indigenous 
Products as compared with Enemy Goods. 

The Fieldmen were sent on tour as occasion required 
throughout the year in connection with outbreaks of pests. 

III. Training. 

Uo students completed the course in Entomology during 
the year but two were received from the Punjab in June 
1915. G. D. Ojha and Harihar Prasad, Entomological 
Fieldmen at Pusa, were also given some special training. 
The short courses in Lac and Sericulture only attracted 
four students, a number much beloAv the average; the 
Banswara State, Central India, sent one man for the Lac 
course in June 1915, one student completed a course in Eri 
and Mulberry Silk and two Sericultural students remained 
under training at the close of the year. The reduction in 
numbers of the short -course students seems to be directly 
due to the publication of popular Bulletins on the culture 
of lac and silk, although it may be noted that mere book- 
instruction cannot take the place of practical work. 

IV. Crop Pest and othkr investigations. 

1. Cotton Pests. Experiments, which are still in pi’O' 
gress, were made to test the relative immunity of different 
varieties of cotton to attacks of bolhvorm (Earm). A large 
number of sowings were made of numerous cottons from the 
United Provinces, the Punjab, the Central Provinces and 
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Bombay in combination witl, otho,. malvatcona plant* and 
weekly eounts made of the i:„iK,,„n ,„ta, ti„„ ' „ 

bollworms fonnd were also examined lot the presence of 
paraartes, which were recorded, l„ed on, and liberated 
he experimental area So far a. notel Intberto the intes- 
tation oi Eana.^ by Rhogas is remarkably small (less than 
5 per cent.) even under the most favourable conditions and 
It would appear that tlie influence of Rhoqa, has ‘been 
greatly exaggerated. In May and June 1915, in compli- 
ance with a request from the Dinator of Agricailture all 
the Rhogas pupae obtained were sent to the Puniab to 
assist in establishing- the parasite there. 


Some work has also been done on the life-history of 
Machwrota planitia\ whose nymph lives in a curious 
calcareous tube on stems of cotton. The presence of this 
insect frequently stunts the growth of the voung shoots and 
it may occur in sufficient numbers to do considerable 
damage. 

2. Sugarcane Borers. Borers in sugarcane (both new 
sowings and ratoon canes), maize, jmr. and rice stems 
and stubble liave been collected and the insects bred out 
for further study and comparison, Affected canes were 
also received from the North-West Frontier Province and 
the insects reared. In ^larch 1915 fresh sowTngs of cane 
were made with maize as a trap -crop and. as soon as the 
{’presence of borers became apparent, these were collected, 
counted and reared for further study to ascertain whether 
the borers in cane and maize are really distinct : this experi- 
ment was not concluded at tlie end of the year. 

3. Garden Pests, 'fhe study of pests of fruit-trees, 
flowers and vegetables was continued and illustrations 
made for a Bulletin on Fruit-pests. 

4. Parasites of Scale-insects. W th a view to sending 
parasites of Aspidiotiis ai/rantii to It- iy. a study was begun 
of the parasites of tliis scale- in sect which occurs commonly 
at Pusa on Citrus spp. and roses, but very few' parasites 
could be obtained. 



63 REPORT OF THE AORTCULTTJRAL RESEARCH INSTITUTE 


A large amount of Lecaniinse material was collected 
with a view to finding any parasites which might be of use 
in the control of Coccus mridis {Lecanium viride) in the 
cofiee districts of Southern India, but it was found that 
the majority of the local LecaniincB were free from Chalcid 
parasites; only those scales found on Ficus religiosa and 
Ridnus communis were parasitized to any extent. 

5. Parasites of Aleurodids. As noted in last year‘e 
report, attempts have been made to procure a parasitized 
colony of Aleuvodes citri for export to Florida. The para- 
site which attacks A . citri on J asminim is the same as the 
one which attacks A. ricini on castor, and castor plants 
were therefore grown and infected but unfortunately 
became heavily infested with Tetranychus himaculatus and 
later on by a leaf-fungus and the plants therefore had to be 
rejected. A very similar parasite attacks another 
A Uurodes on Ficus and trials with this are also being made. 

6. Economic Aleurodidoe. Life-histories of AUih 
rodes citri, A. hergi, and A. rkiifii were completed. 

7. Pyrilla aberrans» The complete life-history of 
Pyrilla aherrans was worked out during the year and 
repeated thrice to check the period of a life -cycle. Chalcid, 
Dryinid and Stylopid parasites were also reared, some of 
these being new. It may be noted that three species of 
Pyrilla (P. aberrans, P. 'perpusilla and P. yusana) are 
found on sugarcane at Pusa, all formerly confused under 
the first name.' 

8. Nephotettix bipunctatus. Much time was given to 
the outbreak of Nefhotettix bipunctatus, the rice leaf- 
hopper (locally called Maho ”) in the Central Provinces. 
This insect was first reported as a pest from the Sakti 
State in the Bilaspur District of the Central Provinces. 
A Fieldman was sent to make investigations on the pest and 
to try measures suggested from Pusa. These measures con- 
sisted of (1) bagging with large field bag-nets, (2) bagging 
with hand-nets, (3) brushing over the infested fields with a 
rope dragged over the plants, (4) oiling the infested fields 
with kerosine and then dragging a rope across so OvS tc 
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submerge the plants temporarily. (5) spraying with contact 
insecticides, and (6) putting up lantern traps in the 
affected fields. Of these, it was found that the last was 
the most efficacious and that most readily adopted bv the 
cultivators. 

A leaflet on this pest in English and Hindi was written 
and issued by the Department of Agriculture, Central 
Provinces, and widely circulated amongst the cultivators of 
tfhe affected districts. It has also been translated into 
Uriya and issued by the District Board in Balasore, where 
an outbreak of Nephotettix also occurred. A trained 
Fieldman was lent to the Central Provinces to carry on 
continuous observations of the pest and to advise adoption 
of remedial measures in the Raipur and Bilaspur districts 
which were severely infested last year. 

9. Life-histories. In the in sectary were reared some 
two hundred insects which had not been reared previously. 
Considerable attention has been paid to various insects 
(mostly Coleoptera) found at and just below soil-level and 
about sixty different beetles have been reared and their 
breeding-places, earlier stages, food and habits noted. 
Many of these beetles are predaceous and are therefore 
beneficial by destrojdng plant-feeding crop-pests; amongst 
such mav be noted an unidentified Carahid predaceous on 
a Cyduid bug. a species of (lihpinus predaceous both in 
the larval and adult stage on caterpillars of Utetheim 
puirhella, and several Elaterid beetles. Of these last a 
single grub of sp. ate more than 200 Scarabodd 

grubs in the course of about three months, and another 
Elaterid larva was found to exercise a considerable check 
on Tenebrionid grubs feeding at the roots of gram and 
other crops. 

A point, which has lieen observed witli regard to some 
common insects Chilo Chloridea) reared for 

observation of exact cycles of their ife-history. is that out 
of the same batch of larvae, feeding and commencing to 
hibernate at the same time, some hibernate and emerge as 
adults whilst others hibernate during the cold weather, 
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then aestivate during the hot, dry season and emerge at 
irregular intervals thereafter as late as July or August. 
From the practical point of view of control this is of some 
importance, as measures, taken on the first appearance of 
the insects after hibernation may be rendered abortive, or 
will at least require to be supplemented, in view of these 
later emergences. ^ An observation of this kind, apparently 
trivial in itself, emphasizes the fact that an intimate know- 
ledge of the habits of the insects concerned must be the 
first step towards their control. 

Crocidoloviia binotalh^ is a cold weather pest of 
Cruci ferae. Unsuccessful attempts were made to find 
out how it passes through the rest of the year. 

Zonahris jnistulata is an extremely common blacK 
and red Blister beetle whose lifeJii story is yet unknown. 
Eu^s were obtained in November 1914 and hibernated in 
the soil, hatching at the end of the cold weather, but all 
attempts to get the young larvae to feed on eggmasses of 
various grasshoppers proved unsuccessful, and the grubs 
could not be reared. Dr. Roepke, of the Experimental 
Station at Salat ig a in Java, has recently informed me that 
he found larva? of this species feeding on eggmasses of 
Cyrtacanthacris; it is probable that this beetle has a similar 
habit in India. 

Another failure was encountered in further attempt.s 
to obtain the lifeJiistory of Anthia sexguttata, a giant 
Carabid which feeds in the adult state on practically any 
insects it is able to catch. 

A Bruchid beetle [Bruchns affinis) was observed to lay 
eggs exteOvsively on pea-pods at Pusa in January and Feb' 
ruary, so that the peas ‘may be infected in the field before 
being stored. These seeds have been treated and stored in 
various ways to ascertain the extent of damage and how it 
can best be checked. 

An unidentified Dermestid beetle in stored wheat has 
been found to complete its transformation in from one to 
two years, 
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Further observations have been made on the life-historv 
of Odoivorus loncjicollis, a weevil which bores in plantain 
stems, and the life of the adult beetles has been found to 
extend to a period of up to two years. 

With reference to the campaign aghinst Ac/rotis ypsilon 
at Mokameh it ivas not knoivn how this insect passes 
through the hot iveather and rainy season in the plains of 
India. Large numbers were therefore obtained in March 
and it has been found that, under conditions in the Insect- 
ary, continuous broods liave been obtained, which suggests 
that it may breed somewhere in the vicinitv of tlie areas 
attacked in Septeinbei^-December. 

The sta tus of Te n <' h raider m auri tan iciis a s a gra i n - pest 
having been doubtful, this was ascertained by experiments, 
by which it was found that this beetle and its larva^ cer- 
tainly can and do eat wheat and rice grains, preferring 
wheat to rice. The adult beetle preys upon the adult rice 
weevil, Calandra oryzrp.. so that in grain aftected by 
onjzm the presence of these beetles is beneficial as. when 
present in sufficiently large mini hers they will ultimately 
rid the grain of the weevils although they themselves will 
eat a small proportion of the grains: but the resultant loss 
will he less than if the weevils bred unchecked. loirther 
experiments will be undertaken with this insect. 

Batovera ruhn>\ a longieorn lieetle conunonly l)oring in 
Man^o etc.v has been reared from the egg and the 
complete life-cycle observed to occupy a year. 

Balartinus c-(ilbini/ has been traced throughout tlii‘ \ear, 
tliough not reared from eggs. The life-cycle occnjiies a 
year. 

Complete life-cycles have been observed of Plothek) 
celtis, Portheiia xanthorrhaa. Perijea capenn^. Spodop- 
tera matirltia, Piopn/Iln.^ binaodahi/. Term fnx-ahe. 
Hypolimnas boHna'. Euplm a-e. Jiaionki onOnyfi 
Iluphina norhsa. Papilio polytef od Deikphila aero and 
further observation.s have been made on miineioim otier 
insects. 
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jj’ ruit'flies have been reared in large numbers — in 
thousands in some cases-^from various fruits in order to 
procure parasites and to ascertain the proportion parasi- 
tized. In the case of Bactrocera cucurhitw the results 
have been disappointing as parasites were very few and 
it is perhaps owing to this fact that this fruit-fly does so 
much damage to ciicurbitaceous vegetables. Only in one 
lot of fruits of Momordica charantia were the maggots 
found to be attacked by a Rraconid parasite to the extent 
of about 16 per cent., and even this parasite was not found 
to be present throughout the year. The peach-flies 
{Bactrocera zonata) showed an insignificant percentage of 
parasitism and the parasitic grubs were observed to remain 
in a resting condition throughout the remainder of the year, 

Carfomyia vesuviana was reared from fruits of Ber 
{Zizy'phus jujuha) and was found to be extensively para- 
sitized. Attempts will be made, at the request of the Roy^il 
School of Agriculture at Portici, to introduce this parasite 
into Italy, whence this fruit-fly was originally described 
its specific name being derived from the fact that the 
original specimens were taken on the slopes of Mount 
Vesuvius. The flies remain in the pupal state for some 
time, from about February to June or later, but the para- 
sites emerge about March and probably have an alternative 
host. 

In order to test the efiect of poisoned sprays on fruit- 
flies long series of flies reared in the insectary were fed 
with a solution composed of Lead Arsenate 2^ to 5 oz,, gur 
2| lb. and water 4 gallons, and it was found that a strength 
of 3 to 5 oz. of Lead Arsenate kills the flies in about 36 
hours. 

A Br aeon id parasite of Duicrisia ohliqua was bred for 
a generation to note its life-cycle and rate of increase and 
some work was also done on an Ichneumonid parasite of 
Sfodoftera mauritia. 

Odontoterme,^ assmuthi, the largest of the five Termites 
known to occur at Pusa, has been under observation for 
tlie last four years. From the emergence of adults which 
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took place in July 1914; several observation nests were 
established in the Insect ar\ and new colonies were success- 
fully started and soldiers and workers reared. This is 
the first time, so far as I am aware, that any species of 
the true earth-dwelling Termitidm has been reared from 
the egg to any adult stage under observation, although some 
of the woodliving Prater mitidm and Mesotermitidoe have 
been reared in Europe. Further colonies are now being 
reared. 

10. Insecticides. Experiments in the preservation of 
wood against attacks of Termites (V/hite Ants, so called) 
were continued, the species of Termite experimented with 
being Microtermes ohen (anandi), which is apparently a 
common species throughout the plains of India. '' Powel- 
lized wood, supplied by the agents for testing, has failed 
almost wholly within four years. " Sideroleura,’’ tested as 
a preservative of wood against Termites, has also failed; 
further tests will be made of it. Testing of ‘‘ Micro- 
lineum ’’ as a preservative has been started. 

Creosote was tried to make sugarcane setts immune to 
Termites without interfering with germination, but these 
experiments failed. 

11. Stored grain pests. A series experiments on the 
preservation of rice, wheat and pulses against insects under 
stored conditions has been commenced on a small scale. 
The methods found most effective will be tested on a larger 
scale. 

12. Silk. One student coinj)leted a short course in Eri 
and Mulberry and two were undergoing training at the 
close of the year. The imivoltine mulberry silkworm eggs, 
which were sent to Shillong and ^luktesar for rearing in 
March, gave satisfactory results but those sent to Muktesar 
for rearing in October did not hatch properly as the natural 
temperature of the place from July to October was not 
sufficiently low. Our attempts tr establish a superior 
stable mult ivol tine liybrid race, wiucli would not degene- 
rate, were continued, ilulberry silkworm eggs were 
supplied to 171 rearers and eri eggs to 144 applicants and 
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mulberry and castor seeds to 20 applicants. One Fieldman 
and a reaver were sent to Jeolikote, Knmaon, for rearing 
eri worms in April and May as it is difficult to procure a 
fresh stock of eggs for distribution in June and July. 
Thirty-one pounds of eri cocoons were supplied to Messrs. 
Inagaki & Co. of Kyoto for testing in the mills of Japan. 
Difficulty was experienced by the rearers in disposing of 
eri cocoons in small lots. Silk exhibits were sent to Ex- 
liibitions held at Muzafferpur, Mongliyr, Pudukottai, 
^lysore and to Calcutta, Madras and Cawnpur in connec- 
tion with the Exhibition of Indian as contrasted with 
German and Austrian goods. The Secretary of the Mysore 
Dasara Exhibition awarded a silver medal for the exhibits. 
Eighteen silk pieces were loaned to the Director General 
of Commercial Intelligence, Calcutta, for the Exhibition of 
Indian as contrasted with Enemy Goods. Eight sets of silk 
exhibits were sent to the Superintendent, Central Seed- 
store, Bengal, Sibpur, His Highness the Maharaja of 
Darbhanga took a keen interest in all the operations of the 
industry during His Highness visit to the Institute. In- 
struction was given by correspondence in silk- dyeing, 
bleaching, silkworm rearing, reeling and spinning. Rupees 
937 worth of silk, manufactured at Pusa, was sold. 

13. Lac. During the [)ast year emergences of larva' 
took place on the 28th September 1914 and lOth June 1915 
and in the two seasons 120 Ber trees were inoculated. 
Broodlac was supplied to 7 persons. Specimens of lac 
from two new food -plants, which were not hitherto re^ 
corded, ^vere received from the Honorary Secretary, Agri- 
Horticultural Society of India, Calcutta, and the Economic 
Botanist, Lai Bagh, Bangalore. Parcels for sending in 
lac specimens were sent only to such Forest Officers from 
whose Division or Range the series of specimens was not 
complete. Unfortunately serious gaps occurred in the past 
and these have not been filled up as yet. 

Five tubs containing Kusnmb {Schleichera trijuga) 
plants were inoculated and despatched to Mr. N. Fujii, 
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Hozan, Formosa, through the Consul-General for Japan 
Calcutta. 

During tlie year the services of Mr. C. S. Misra, First 
Assistant, were requisitioned by the Karauli Durbar to 
report on the progress of lac cultivation started by the 
Forest Oflicer of the Durbar ^yh() was trained in Lac work 
at Pusa. A separate report embodying his suggestions 
was submitted to the Durbar through the Political Agent 
Bharatpore. 

In May 191b Mr. Mistra s ser\ices were requisitioned by 
the Benares State to advise on the possibility of extension 
of Lac cultivation in the Chakia district of the State. A 
separate report on this embodying his suggestions has lieen 
sent to llis Highness the Maharajah of Benares llirough 
the Political Agent to His Honour the Lieutenant Governor 
of the United Provinces, Benares. 

A student was deputed by the Banswara State in Gem 
tral India to undergo a month's training in Lac culture. 
The student joined the course on 7th June 1915 and went 
back to the State on the 3rd July 1915. 

Copies of the Lac Bulletin in English and Hindi were 
sent or sold to numerous inquirers. 

14, Bees. During the year experiments with the 
Indian Bee uidicii) were continued, special atteiiLion 

being paid to the three principal defects of this bee in the 
plains, viz., (1) deserting the hive in autumn, (2) inability 
to defend the hive against M ax Moth, this being one of tiie 
causes whicli lead to desertion, and (31 frequent swarniiiig. 

The results obtained this year go to show that the bees 
can be prevented from deserting the hive and a little caie 
prevents the Wax Moth, a welbinade lave being of great 
help in this direction. little care bestowed on these bees 
leads to an increase of the population in the colon} ut 
stimulates swarming. Efforts made at checking swaimiHo 
were not successful. It appears oat the old princip e o 
inducing swarming early in the season so as to ^ 
number of colonies from which to take surplus hone} m le 
honey season, will be more suitable to tiiesi bees t lan 
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new principle of checking swarming and having larger 
surpluses from strong and populous colonies. The work 
will be continued. A Bulletin on Bee-keeping was issued 
at the close of the year. 

V. Illustrations. 

Illustrations were prepared, to the extent of artistic 
assistance available, of the insects studied during the year. 
Coloured plates, showing the complete life-history, were 
prepared during the year of the following insects 
Utetheisa jpuhhella,^ Odoiyorus longicollis* Atracto- 
moT'pha crenulata, Oxycarenus Icetus, Flusia orichalcea. 
Perigea capensis, Etiella zinckeneclla, Glyphodes indica 
and Chilo simplex,^ of which those marked * are printed 
and available. Numerous line drawings have also been 
made and will be utilized as occasion arises. The issue of 
coloured plates and lantern slides has been continued. 

VL Miscellaneous. 

Correspondence. A total of 103 parcels of specimens, 
mostly of crop-pests, was received during the year for 
identification and advice, whilst 1,119 letters were 
received and 1,374 issued, but these numbers are exclusive 
of a large amount of routine correspondence. 

VII. Insect Survey. 

Steady progress has been made in additions to and 
arrangement of the collection. The whole of tlie collection 
of Hymenoptera has been rearranged in one series, so that 
all the information on any species or group is now available 
in one place. The same is being done with the Coleoptera, 
and other groups will be taken up as time and staff permit. 
The following collections were sent to specialists in the 
groups named and our thanks are due to them for the help 
afforded >~ Chalcididae to Dr. L. 0. Howard, Formicida^ 
to Mr. W. M. Wheeler, Stylopidae to Mr. Dwight Pierce, 
Dryinidae to Mr. J, C. Crawford, Rhynchota to Mr. W. ju 
D istant, Coccidm to Mr. K. luaicst Green, Noctuidae and 
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Pyralidse to Sir George Hampson, Rnlelida?., Cetoniadit 
and Dynastidae to Mr. G. J. Arrow, Carabid^e to Mr. 
Andrewes, HisteridtB to Mr. George Lewis, CurciilionidtO 
(part) to Mr. G. A. K. Marshall, Lueanid^e to Mr. F. 11. 
Gravely, Microlepidoptera to Mr. E. Meyrick, Trypaneidie 
to Professor M. Bezzi and their parasites to Professor 
Silvestri, and various Diptera to Mr. E. Brunetti, 

Our thanks are due to His Excellency Lord Carmichael 
for a small named collection of moths from Darjiling. 

Numerous sendings of s}aecimens of insects have l)een 
identifiied for correspondents as far as possible. 

Collections of flies, bugs, lice, ticks and other animals 
of interest as disease-carriers, made during tlie year at 
Pusa and whilst on tour, were transferred to the Imperial 
Pathological Entomologist. 


V I [ 1 . E N 't 0 W 0 L (J G f C .V L C OX t £REX C I- . 

A meeting of the Entomological stall lioth of Eusa and 
the Provinces, was lield at Dusa from 2ud to 5th February 
1915. Similar meetings been held previously, but not 
since 1909, and have hitherto been confined purely to the 
Agricultural Department. Opportunity was taken of the 
present occasion to extend the scope of the meeting to in- 
dude others eiigugcd lu similar entomological work, and 
the Forest Zoologist, the Entomologist in the Indian 
Muse.uni, and the Entomologist to the Indian lea Associa- 
tion were also invited ;ind attended and gave us the benefit 
of their experiences with various msecis, which were ot 
mutual interest. Besides these, Mr. E, Ballard, Govern- 
ment Entomologist in Madras, came from Coimbatore an 
Mr. E. J. Woodhouse. Economie Botanist, bihar am 
Orissa, attended part oi the meeting, whilst ‘p ra 
Provinces and Bihar and Orissa adi *. m of 

Entomological Assistants, and one i aie a so tioni ear 


the following Provineos 


j.tates. (/.-.. Madras. Bombay, 
United Provinces. Assam. Bai'oda and Iravaaoo c. 

An .bslmt of crop-|**t/ lout ten 
and specimens of each got out in ^'hov. cabc^ 
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there might be no doubt regarding the identity of any 
species under discussion. The list was worked through 
systematically and each insect discussed as regards its 
distributionj crops attacked, damage done, control, etc. 
The gaps in our knowledge respecting distribution espe- 
cially, which revealed themselves during the meeting, were 
emphasized by the absence of the Entomological Assistants 
from Burma, Bengal, the Punjab and North-West frontier 
Province, but in spite of this the meeting proved most 
valuable, especially to the Provincial Staffs, who are thereby 
helped to keep in touch with our work done at Pusa and 
that done in Provinces other than their own. It is hoped 
that similar meetings may be held regularly in the future. 

IX. Programme of work for 1915-16. 

This will follow generally on the lines of work oi' the 
current year and will include general investigations ot 
crop-pests and especially of the pests of rice, sugarcane 
and cotton, of fruit-trees and of stored grain. 

A commencement has been made of collection of inform- 
ation for a general book on the crop-pests ot India ami 
progress in this will be continued, as also in the publication 
of information regarding life-histories of ])ests and colour- 
ed plates, of which a large number are now ready for print- 
ing. Work and experiments in Silk, Lac and Bee-keeping 
will lie continued, and new Insecticides and insecticidal 
methods tested as occasion arises. Advice and assistance 
will be given as far as possible to Provincial Departments 
and to all inquirers on entomological subjects. 

X. Publications. 

Tlie following publications liave been actually publislied 
during the year under review : — 

Books. 

Some South India u Insects, by T. Bainbrigge Fletcher. 
(Madras Government Press, Imperial 8vo., pages xxn + 
565, 50 Plates and 440 text-figures.) 
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BnUetins, 

No. ^8. i-lio CvTltuatioTi of (Hindi I'ditiuii), ])v (', S. 
Misra. 

Xo. 39. Instructions for rearing Mnlliony Sillnvornis (BcMirali 
, edition), by M. jN". De. 

Xo. 44. How to Improve Silk Reeling' in beugnl. i.y M, N. 
iS’o. 46. Bee-keepiug, by C. Cb (ihosh. 

No. 48. First Keporl ou the experiuionb cnrriod out :i( ihr'in 
to inipio've tile Mulberry Silk Jiidusii'\, (‘ompiled li\’ 
M. N. De. ’ ^ 


Leaflets . 

Malio eijliotftii.c hi [iuncintus}, \>y (’, S. Misrn (])ublj.slie(l by 
tlu' Agi'icuUurul Department of the (leniral .Ib-oviuees in 
Fuglish and Hindi and by tl]t‘ Bala sore District Boaib in 
Uriya). 

Practical Instruction^ fur the Eullegal Mulberry Silkworm 
Hearers, by T. Bainbrigge Fletcher. [Madras Depl. oj 
Agri., heajicl No. i of 1914., i 

Some General Metlinds of Contrail lug attacks by Insect Pe>ts; 
Agricultural Methods; Mechanical Methods, by T. Bairn 
brieffe Flelcker. ^Madras Dent, of Aqri., Leaflets 01 
and IV of 1914.) 


?ffiscellaneous. 

\ote on ’I’lgei’- Heetle- tvoin t oorg. by I. Bainbrigge hletclnu. 

[^Jofirnitl of the Uotuhaji Hist. See.. XXIIl. 479.) 
Report on Agricultural Futomulogy for 1914-14 ibr the Board 
of Scientihe Advice fm India, by T. Bainbrigge Fletcher. 
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REPORT OF THE IMPERIAL PATHOLOGICAL 
ENTOMOLOGIST. 

(F. M. Howlett, B.A., F.E.S.) 


I. Administration. 

I was in charge of the section for the year, save for the 
period July, August, and September 1914, when I was 
absent on privilege leave and Hill recess. Mr. P. G, Patel 
was absent on privilege leave for 29 days and Mr. H. N. 
Sharma for one month and 20 days. 

II. Educational. 

No educational work was done. Mrs. Kilby and Mr. 
Awati worked in the laboratory for some time, the former 
at the reflexes of Cinex {Clinocoris)^ and the latter at the 
taxonomies of Muscidae, 

III. Research. 

There have been three main lines of enquiry 

(1) A thorough investigation of the flies and other 
insects which breed in decaying or septic annual 
matter, including those that infest wounds and 
sores in domestic animals and man. Veteri- 
nary officers are being circularized for speci- 
mens of maggots, and the Pusa species have 
been under close observation for the last nine 
months. I have endeavoured to combine with 
the life-history observations an enquiry into the 
chemotactic '' reactions of the insects and of 
the parasites which evidently share them, but 
the chemical problems involved are such as re- 
quire the assistance of a skilled biological 
chemist, who is unfortunately not available. 
The practical importance of an enquiry into 
these reactions is considerable, as a knowledge 
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of them would certainly simplify preventive 
and antiseptic measures ^ ^ P 

(2) Energetic relations of insects: their consumption 
and wonoray of chemical energy under vaJving 

n. s.„ ;™f 

™ 11 r ™n«»» a»i..g » afanca, a tie 

term of food, oxygen, and water curves for the 
whole hie history of various insects. I hope 
subsequently to correlate this work with 
onzymo-inveshgations of the type recently 
earned out oy Jlr. Barnes at Lyallpur. Re- 
sultis ot practical importance mav or may nut 
be obtained. 


(3) The pure chemical substances responsible for the 
“ chemotactic ” reactions of the males of three 
Species of fruit-fly have now been dehniteiy 
tind ceitaiuly asc-'crtained. Ihev are methyl - 
eugenol and iso-eugenol f^innlar reactions in 
the case of a small Oscinid are produced by 
Isovaleric aldehyde. Analogous but not pre- 
cisely similar cases are under observation. 


The immediate practical value of this work is almost 
negligible; its ultimate value may be large, since it indicates 
the practical possibility of entirely new methods of insect- 
control. It is far and away the most important result yet 

achieved by the section. 


IV. MiSCKLL.ANUOrS. 

(n) Lice. The liet' of slice]) and goats were investigat- 
ed. A lime-sulphur spray or wash, followed by a spray of 
weak vinegar, was found to give extellcul results, Internal 
administrations are being e.vperimented with. On human 
lice the effect of extremelv small quantities of mercury 
compounds was found to be very u .irked, though the way in 
which they act is obscure. 

(h) Bugs. An attem])t was made to elucidate the 
nature of the biting-reflex '' in the hed-bng. The enquiry 
proved difficult, but t lie re were indications that the ventral 
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sense-organ was of importance; the work will be resumed 
at a later date. 

(6‘) Ticks. Ornithodoi'ns sacianyi, a possible disease- 
carrier, is under observation. 

{d) Mosquitos. A TdeniorhynchiL^ and i'ulex geUdus 
have had their life-histories determined. Both are ex- 
tremely troublesome to cattle, and gelidi(i> breeds 
normally or very frequently in cow’s urine. 

The breeding-places of mosquitos in Pusa were care^ 
fully mapped in IMarch, and some time later the Director 
gave facilities for an anti-mosquito campaign on ” control- 
breeding ” lines. This has been successfully carried on and 
1 hope that my absence on leuA e may have no apprecia1)l(! 
eft'ect on the success of an experiment which opened auspi- 
ciously. 

With a view to determining the influence of local waters 
on mosquito-breeding, experiments were made on the effect 
of equimolecular salt solutions on the larvae. The results 
were of interest as indicating that an unexpectedly high 
percentage of lime in water is to some species distinctly 
beneficial 

(e) Fruit flies. The Ber Hy, ('arjH)inijlii and 

its parasites were under observation for the year, and the 
life-liistory of /V^/c//.s was worked out. An 

attempt to check a very severe infestation of peaches by 
D. zoaatus at Lahore failed completely, the attack lia\ing 
gone too far to save the crop. Spraying operations must 
be started as soon as peaches are just on the point of be- 
coming ripe. 

(/) Other Diptera. Rice in the Balasore district was 
seriously affected liy (Jeadomyia ^nyzw and otlier insects. 
I investigated the part played by Cecidomyia; but found 
that the greater damage was being done by non- dipterous 
insects, mainly the Rice Hopper, and Mr. Fletcher thereupon 
took over the work. The life-history of three horse-flies 
{Tabanidw) has been worked out, as also that of the very 
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curious Diopsid fly Hj)hywcei)linla hear.^eAjantL though the 
habits of the adult are still obscure. The early stages of 
acalyptrate muscoids breeding in mushrooms have been 
obtained, but it is not known how these species spend the 
dry and hot part of the year. 


V. Collaboration. 

The usual amount of identification work was carried 
on; the Indian Museum wrs supplied with a considerable 
number of specimens to assist in the coiupilaiiou of the 
“ Fauna of India.’’ 

I interviewed the Director of Fisheiies, Bengal with 
reference to Inrvicidal fish in coiinertioii with control - 
breeding schemes. 

In connection with the Kathgodaiii Suitr wuiT, a ‘ pre^ 
rains survey of the area lias been made for bloodsucking 
flies- this will be correlated with a snmla,- survev made 
during the actual Surra season. I inspected the ;,rea )n 

company with Mr, Shilston. . at u n i ir, 

Arrangements have been made to assist Mr. Ballard m 
a chemical investigation of the .sexual reartionsMil .1 wsm-Uc 
I attended the 2ik1 Science Congress at ^ladras. and 
nleased to note the increasing strength and anthoTitv 



papers read. 

AT PROGR-tMt'!'. OF WORK FOR Ihl.VH). 

year’s programme. 
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REPORT OF THE IMPERIAL AGRICULTURAL 
BACTERIOLOGIST. 

(C. M. Hutchinson, B.A.) 

1. Administration and Tours. 

Charge. I held charge of this section during the 
whole year. 

Establishment. Mr. J. H. Walton, the Supernu- 
merary Agricultural Bacteriologist, was relieved of his 
duties to join his post in the Military Department on the 
4th June 1915. 

Mr. N. V. Joshij the First Assistant, was on privilege 
leave for two months and 19 days with effect from 5th 
October 1914 and Mr. K. S. Vishwanathain acted for him. 

Mr. Hardayal Singh, Assistant, was on privilege leave 
for one month and 12 days with effect from 19th August 
1914. 

Messrs. A. N. Bose and Hardayal Singh, assistants, 
were confirmed on the 26th May 1915 in their respective 
posts owing to the transfer of Mr. N. C. Basu to Bengal. 

Tours. The following tours were made by me during 
the year 1914A5 : — ^ 

1. September 1914. To Calcutta to consult with the 

Excise Commissioner of Bengal, Bihar and 
Orissa and Assam on the subject of Bakhar and 
to investigate local conditions ot rice beei‘ 
distillation. 

2. October 1914. To Shillong on Hill Recess. 

3. November 1914. To Calcutta to interview Scienti- 

fic officers of the Indian Tea Association and to 
inspect the Bengal Distillery Co.’s distillery 
at Konnagar. 

4. March 1915. To Motipur and Peeprah Factory to 

arrange for carrying out manurial experiments 
with green manures. 
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n. Training. 


Mr, Barkat Ah, Assistant to the Agricultural Chemist 
0 the Government of Punjab, who was under training 1 
this laboratory from 12th August 1912 to 13th August 1914 
during the latter part of his training carried out an m- 
vestigation on the bacteriological aspects of Reh ” soils 
from the Punjab and submitted a full and detailed report 
on this subject referred to below. 


Mr D. V,^ Bal, Assistant to the Agricultural Chemist, 
Central Provinces, was under training from 20th August 
1914. Mr. Bal aiipUed tlie method of biological analysis 
to samples of soils from ifind and carried out experiments 
in connection with the investigation of the action of 
bacteria upon nutrient matter in the soil and the occurrence 
of toxins in soils. H.e also isolated P,?. camfeHtris from a 
specimen of diseased cabbage sent from Poona and from 
others locally obtained. 

Mr. A. K. Bose, Assistant Chemist to the Indian Tea 
Association, Calcutta, worked in this laboratory from 13th 
February 1915. Mv. Bose was inscructed in the method of 
biological analysis of soils and carried out experiments 
therewith on samples of soil from the Tea Districts as 
referred to in this report 


TIT. B.acteriot.ogy. 

Bacterio-toxins in soils. The work on baeteriodoxins 
in soils Avas continued and carried a stage further; it was 
found that the inhibition of nitrification occurring in soils 
under water-logged or semi-anaerobic conditions was not 
due merely to lack of the oxygen required for formation of 
the completely oxidized product, but to tJm action of toxins 
resulting from the activity of certain classes oi bacteria 
which rapidly miiUiply urider these conditions. That this 
toxic action was not due eitimr 'o ammonia or carboii 
dioxide in excess was shown by inhibitor} action of 
water extracts of the toxic soil u]mn nitrification in nor- 
mally aerated soil, and move conclusi\ely by that of certain 
bacteria isolated from such soils, notably of one bacillus 
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{Bacillus Z) the toxic action of which was found to be 
sufficient to interfere with the growth and activity of all 
other soil bacteria brought in contact with it or with, its 
separated toxin in culture. 

It was found that such toxins result from the decom- 
position of organic nitrogen compounds by bacterial 
action under semi -anaerobic conditions, and further proof 
that the inhibition of nitrification is not due merely to 
shortage of oxygen was afforded by the observation that, 
with the same air supply as was sufficient for complete 
nitrification of ammonium sulphate in soil, nitrification of 
oilcake containing the same amount of nitrogen was com- 
pletely inhibited, nor did it commence when complete 
aeration was provided, until after the lapse of a consider- 
able period (generally about two weeks although this varied 
with different soils) when the toxins formed had had time to 
become destroyed by oxidation, after which normal nitri- 
fication ensued. It was found in actual practice in the 
field that germination in a soil which had been water- 
logged was interfered with, and that the ensuing crop was 
consequently poor, nor was this remedied by application of 
nitrate of soda, although the use of superphos|)hate was 
successful Laboratory experiments showed that rapid 
reduction of nitrate takes place in water-logged soil a large 
pro))ortion of nitrite being formed, and it seems probable 
tlmt the toxins produced during the WTiter-logged ])eriod 
would not only affect the germination and the growth of the 
seedlings hut that the character of the soil complex result- 
ing from the semi-anaerobic conditions which obtained at 
ihni time would be sucli as not only to interfere with 
nitrification but to promote reduction for just so long as 
this abnormal character [persisted. The character of the 
soil complex and that of the decomposition products of 
organic matter resulting from its action must vary with 
alterations in moisture and oxygen content of the soil itself, 
and it is probable that the altered character may persist 
for some time after the special conditions which gave rise 
to it have disappeared. This point is under experimental 
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observation. It vvas fnnn/l in i i 
phosphate had a neutralizing acdion ZJ ft? ’"* 
bacteria of extracts of certain soils and this i Z fj o 
the free acui; tins result, lioweier. was not suff t , 
con Jrsive to a low of its use as a convin«ng explain t n 
of the favourable action of superphosphate uj'ion water- 
logged soils, although tliis the - ■ 


'cry IS .supiiortcd hv Meo-.dtt’ 


lequire further expieriniental 


work in Assam, but wi 
investigation. 

Ammonification proceiuled at tlie normal rate in soil 
under senn-anaerobin ron.litious and evas appareiitlv nut 
interfered witli by the liacterio-toxins produced althomdi 
the activity ot such a)i]rno]ii[l('r,s as II umenlilvs ;tc[]i;inv 
lowered by the presoii(‘e of UnNRn, X.: this latter organism 
does not appear to be universally |.Tesent in soils; no con- 
centration of ammonia above that in the aerated amtiul 
was found nor' urns this gas given dff ])v the anaer'ohie soil. 
The action of carbon dioxide in exces.s was eliminated ly 
absorption ^\ith potasli, as as lev the use of the soil 
extract as mentioned above, 

A special oxjrerimeut was made to test the action ot 
the carbon dioxide formed in soil l>y bacterial action upon 
nitrification in tliat soil; viiider pai'tiallv anaeroliii' condi- 
tions absorption of the carbon dioxide proditveil no (*ilect 
upon nitrification in soib either of oilcake or of annnoninn) 
sulphate; in this experiment, the observation was rejwated 
that complete nitiirication of ammonimn sul})hate look 
place under semi-anam'<dnc conditions in winch no nitrilica- 
tiou of oilcake occurred. 


It a}>])ears t her e fore that in soils in which aeration is 
incomplete, as a cousepueme either <.d‘ want of luxyrer 
cultivation or of drainage, tire decon:posi*:ion of organic 
matter hy such bacteria as thrive ui der tlrese conditions 
will result in the production of toxics inhibitory of nitri- 
fieatiom It has also been shown hat these toxins are 
destroyed by exposure to air and van he removed in water 
solution, so tlial tlie ordinary operations of tillage and 
drainage can prevent their aceumnlati(m, 
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Work with seedlings (wheat, oats, rice, indigo, maize^ 
dhainclia, jowar), has shown that in high concentration, 
such as occurs in water-logged soils containing much 
organic matter, these toxins may directly affect growing- 
plants especially seedlings, but this is an exceptional con- 
dition, whereas it appears probable that in normal fully 
aerated soils the toxins resulting from the ordinary 
metabolic activity of soil bacteria are oxidized at about 
the same rate as they are produced and no accumulation 
takes place. A very slight interference with the oxygen 
supply to the soil, however, will turn the scale in favour of 
accumulation of toxins and in consequence upset the 
natural equilibrium existing in the soil complex between 
the toxin-sensitive nitrifying organisms on the one hand 
and the apparently less easily affected reducing organisms 
on the other, thus resulting in indirect injury to the crop by 
interference with the supply of nitrogen as nitrate. In 
soil which has been flooded during the monsoon the toxins 
formed may persist long enough to seriously prejudice the 
growth of seedlings if planted too soon; such soil should 
be given as long a period of aeration as is possible before 
planting. 

In order to ascertain the conditions under which such 
bacterio'toxins are produced in soils a great deal of work 
was carried out in isolating and determining the specific 
functions of soil bacteria, but the proper development of 
this line of enquiry Avould necessitate collaboration with a 
chemical specialist. Tiie [)ossible liacterial origin of the 
various organic compounds of a toxic nature which have 
been isolated from soils by such workers as Sclireiiier, 
Shorey, Skinner, Reid and others would be one of the 
))roblenis involved. It was found that salts of some of the 
heavy metals such as cofiper had a decided influence in 
neutralizing the toxic action towards seedlings of extracts 
of soils kept under anaerobic conditions; precipitation of 
the co])per as sulphide was prevented by the addition of 
potassium cyanide, these salts being present in very small 
quantities; (0*025—0-03 per cent. CuSOJ. It appear^ 
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probable that the diserepancies recorded between the ob- 
servations of some workers upon tlie stirimlating effect of 
such salts upon iiituficatioii iu8\’ be explained by reference 
to the fact that the cases in wliich ('ontradictory results 
were reported were not comparable owing to the use of 
organic nitrogenous matter, from which tmxiiis could have 
arisen, in one series, and ammoninm sulpliate in another. 

An interesting case occurred in the field at Pusa in 
which the use of copjoer snljihate as a precautionary 
measure against attack Iw wire woims resulted in a large 
increase on the treated plot as coni jia red witli an untreated 
control although botli were free from attach bv wii*e worm. 

It was found in tlie case oi sc'cclhiig maize and joivar 
grown in soil or sand and A\nle]'('d with extracts of .soil 
made toxic by keeping the latter n rider semimnaerobic con- 
ditions that the residual contents of the seed were attacked 
by bacteria which had nuilti|)]ied as a consequence of the 
prevalence of such conditions and had been transferred with 
the toxic extracts: the 1 ‘esull of this attack was tlie produc- 
tion of toxic ]uitrefactive bodies in immediate contact with 
the seedling resulting in its death; this did not occur in 
presence of copper sulpliate, iMr. iNIilligan, Imperial Agri- 
culturisp wdio drew inv attention to the abovemeiitioned 
field result wdth copper sulphate, lias ]''.ointed out the signi 
ficance of this ohsem ation in cnniiection w'ith ibis case, and 
the importance of its beiiring n|)oii tlie vital question of 
successfullv bringing a held cro]^ throiigli the initial stages 
of germination and growth esiiecialiv in heavy soils. Kx- 
periments are lieing cainicd oiii to test the wdue of anti- 
septics in relation to the early stages ot [dant growth uiidei 
varying soil conditions from this point ot vieu. 

The toxic action of nirrites upon growing plants was 
demonstrated l)oth under sterile ei .1 ordlnorv conditions 

in w'ater cultures. ... 

Nitrification. Numerons ex]>' mients on nitrihcation 
in soils and solutions wore cnrrimi out ami imieh valuable 
inform a tiou on the subjixt obtained. Ihi^ ^ \ 

the case in connection with biological anal\>t!^ ct soi s ion 
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various parts of the country, carried out for the most part 
by Assistants of Provincial Agricultural Chemists under- 
going training in this section, Mr, Barkat Ali, Assistant 
to the Agricultural Chemist to the Government of Punjab^ 
made a valuable biological analysis of Reli Soils from that 
province showing that although such bacterial activities 
as are essential to nitrification are practically non -existent 
in Reh Soils, this condition is completely altered by wash- 
ing out the excess of salt. Mr. D, V. Bal, Assistant to the 
Agricultural Chemist, Central Provinces, tested the nitri- 
fying power and capacity of certain soils from Sind which 
had undergone differential treatment in the field ; this was 
found to vary considerably as a consequence of treatment. 
Interesting differences in comparative immunity sliown hy 
the nitrifiers in these soils to the iuliibitory effect of pni’tial 
anaerobic conditions as compared with the nitrifying 
agents in Piisa soil were observed, nor was the addition of 
lime beneficial in tliis respect. Nitrification in tea soils 
from different districts was studied by Mr. A. K. Bose. 
Assistant to the Scientific Officer to tlie Indian Tea Asso- 
ciation; here very marked differences in nitrit’ving [)ower 
between different soils, were found with varying I'esults 
from the application of lime, and varying ojuiiiia l‘oi' 
water. Purther experience with the method of biolo- 
gical analysis of soils has shown its value in elucidating 
soil problems and has made it [)ossih]e to ?'cdiK‘e it to a 
simple set of concurrent experiments. 

The observed influence of toxins upon nitrification has 
been referred to above. 

Nitrate formation in field plots under different crops 
lias been under observation; grass has been found entiicly 
to prevent accumulation of nitrate in tlie soil in whicli it 
is growing; this would have some bearing u})on the action 
of grasses upon fruit trees, as the absence of nitrates must 
mean either that nitrification is inhibited or that the grasses 
take up tl\o nitrate as rapidly as it is formed, or tiiat m 
grassed-soil reduction takes place at least as rapidly as 
oxidation. 
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The effect of \arious trees u])on iiitriiicatioii clue to the 
fall of their leaves upon tlie ground was studied and con- 
siderable differences were observed. 

The optimum amount of organic matter as oih^ake 
containing 5 per cent, nitrogen for nitrification in Pusa, 
soil was found to be about 1 per cent, of soil weigliL At 
a concentration of 2 per cent, amiiioiiia formation was so 
rapid as to result not only in i]i}ii])itiou of nitrification but 
in loss of nitrogen as ammonia gas; tlie free ammonia also 
brought organic matter into solutimi and inade it necessary 
ta abandon the use of the liiitometer for estimation of 
nitrates and to use the aluminium reduction method, wliich 
was found more cou\eiiieiit and reliable for this particular 
purpose tlian the zi])c-co[)[)er cou[)le. In d nations were 
obtained that the prejudicial eliect of organic matter upon 
nitrilication is in many cases due to the rapid multiplica- 
tion of toxin-proiiuci])g liacteria coiisec^uent on its presence. 

The effect of temperature on nitrification in Thisa soil 
was tested, the uptiimim being found to be near 35'-^ C.: no 
niti-ate was furmed at 10' C.,, nor did nitrification take 


place in soil which had lieen kept at W C., when its 
teni[)era lure was afterwards reduced to 30^' b. ; turthei 
work on this [Kiiiii is being carried out to deteniiiiie the 
cause of this a})parent loweritfg of the thermal death point. 

A serie.s of e\[>erimeiits was carried out to determine 
if possil.lc ini' w!mI realms on adding as solids such 
hiU'teiial t'ooii stulis as oikakc or sugars, to a live soil, the 
evolution ot' cariioii dioxide resulting' iroin bacteiial artion 


sliiuihi rise ill raio lor a lew days bin fall again rap’** 1 
to a mini I mu n long l>etorc exhaustion of tin looc siipp mi 
eould he oalled upon to aeeonnt fo'r such diinuratioii in 
aclivitv. Reasons were found lov llonk.ug that tins result 
iiivariablv obtained when sobd in tnents were added to 
soil, »™' ,1... i. I»n ty tl. ^ 

b,u.l,.ria, ami ii. |.art t.. tlm ‘'j 

case, depending iipcn the ratio I’Ctween u ^ 

vol.rf, a, Hi tim lK.*ilil.- i.ivi.vt.on asain.t .olulio J 
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bacterial enzymes afforded by the superficial layer of 
altered material resulting from their first attack. This 
argument was strengthened by the observation that in 
nutrient solutions the fail in rate of evolution of carbon 
dioxide is much less sudden than where solid particles are 
concerned. The rate of formation of carbon dioxide is 
materially affected by the size of particles supplied. 
Partial sterilization of tlie soil sufficient to eliminate 
protozoa does not remove this diftexwce. 

Green Manuring, Owing to the difficulty of obtaining 
even areas of land for held experiments on the farm,, it 
was arranged to lake in a comparatively small area of one 
acre adjoining the outside laboratory of this section; this 
was divided into 24 plots of equal size and experiments in 
triplicate laid out for the kharif and rabi crops of 1914-15; 
the first was merely a crop of mnai {Civtalarid juncea) 
over the whole area; this was ap])lied as green manure, 
variations in the method of application and their effect 
upon the succeeding rabi crops, oats and tobacco, being 
studied. As was expected, however, UTieveimess in this 
area made it im|;ossibIe to draw definite conclusions from 
the experiments i;s a whole although certain deductions 
could be made from individual cases: these will be dealt 
with in the current re])ort m green manuring. Some of 
the ]uore interesting conclusioB^ were drawn from the use 
of seeth made from .<anat [(krotidaria juncefi) the utiliza- 
tion of which had Ixeeu suggested owing to the difficulty in 
obtaining indigo seeth consequent upon the reduction of area 
under this crop. It was found that tlie seeth water used in 
making the seeth was roughly equal in manurial value to 
the seeth itself in the case of the rabi crop (oats), but that in 
the residual effect on the succeeding kharif crop (maize) 
the seeth, as was expected, proved greatly superior to the 
seeth water. In tiie case of two areas under tobacco, one 
with normal and the other with comparatively low moisture 
content in the cold weather the effect of seeth as compared 
with green manure {sanai) ploughed in, in the ordinary 
way, was greater in the dry area. The differences produced 
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by green manuring in tlie rate of ripening })otlj of tlie oats 
and of the tobacco were very marked. Tlie effect of super- 
phosphate in coniunction with green manure on tlic rabi 
crop was marked in soil witJi good moisture, but inappre- 
ciable in plots where the water content was low and the soil 
itself poor. A lai'ge number of observations were made on 
the changes going on in seeth during and after fennenta^ 
tion; it was concluded that the value of tliis material as a 
manure depends u|;on numerous factors oi‘ which its 
nitrogen content is the principal; at the same time great 
differences in the results may be obtained by proper or im- 
proper metliods of preparation and application, especially 
the latter, as large quantities of toxic liodies are produced 


as a result of tlie semi-anaerobic conditions obtaining 
during the early stages of its manufacture, aud can totally 
inhibit root growth if allowed to remain in the soil, being 
specially Injurious tc plants in the seedling stage. The time 
of applicvTion appears to b(' more important than the 
manner of prepaiution although these should be inter- 
dependent. Ill the iiicantimc it will lie necessary to crop 
the ti-lots for some time withom individual treatment and 
crain some knowledge of the extent of local valuations 
amongst tliem. Tins seems especially neeessavy in the, case 
of green iimmiriiig ex|)cruiieiit5 the results ot winch aie 
not likely to becocae strikiiiglv olnious ns qiiaiititati e 
dilferences in the succeeding crop oi such an oUiPi as o 
carry them iiulul.itably heyoiul tlie range ot ewpenmental 

sinJiw »er,. uia,S .if llie >l(vi,loi,iiiBit ■>! ,M 

the planr. With to tins 

hemp {Croiahiriii . /.'//mu) i ' ' 

had its o'vn ht'e-histor) ^ - y ^ ^ jp^nking 

and drying up to an 

from nodules at various stagis siu 
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in the conditions of the bacteria and bacteroidal tissue. 
Nodules in all these various stages of development could be 
found at the same time on the same plant. Indications 
were obtained that nodule formation did not take place 
at that soil level at which most vigorous root growth was 
found, but tended to occur chiefly where the ratio of air 
to water was higlier than was consistent witli maximum 
root development. A characteristic difference in the char- 
acter of growth was observed between roots in clay and 
those in sand, with intermediate variation in mixtures of 
the two, and similar changes where the plants were grown 
in alternate layers of these soils. It was remarkable that 
even in pure sand, nodule development was restricted to a 
comparatively shallow surface layer very slightly deeper 
than that found in the case of pure clay. 

S|)oradie de\elopineiit of nodules, insignificant in 
number, occurred at deeper levels. 

The most uiu\ersally i)reYalent characteristic was the 
fact that at least 90 per cent, of the nodules present at 
any one time were found on, or very closely adjacent to, 
the main stem, this ijeing a|>parently due partly to the 
fact tliat such noduies had a longer life than those formed 
on more distal portions of the root, showing indeed the 
s])ecihe nioi‘[)hological characters associated with their liost, 
and also in part to the tact of this |)osition being coinci 
dent with the conditions of aeration which appear to favour 
their growiln An alternative liyj)othesis might suggest 
the im[)ortatioii of the speiific rndicicoln organism by tlie 
seed and its coiiscquenL occurrence in the soil only in the 
neighbouiiiood of the latter; tliis, liowevcr, docs not appear 
a f)robal)le explanation in view of the indigenous character 
of the legumes under observation. The general suggestion 
would he that nodule formation teK)k place more readily 
in the earliest stages of the growili of the plant owing to 
the lower power of resistanee to I'acterial invasion which 
tiic latter possesses at that time. Ewtlets of a similar age 
hut foriafMl at a later [jeriod of growth appear to be less 
readily invaded. 
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Azotobacter. Mr. Walton e()in])lete(l tlie initial stages 
of his work on Azotohactor in Indian soils, the results of 
which are being published in a Memoii’. The preliminary 
survey showed the occur renec of Azotobacter in Indian soils 
of widely divergent type and situation; the variations in 
the organism from different localities were not sufficient 
cither in morphological or pliysiological chai'acter to sug- 
o-est differences of species. Tixation of nitrogen and its in- 
crease in amount as a consccpience of added carbohydrates 
was demonstrated in soils in the held. Invther work was 
projected on the syinliiotic relaiionsliips between AzoUh 
bacter and soil algm, some evidence having been oblainetl 
of the widespread and highly im[)ortant nature of this 
natural source of soil nitrogen, i.mt this has been temporari- 
ly abandoned in consequence of the a[)pointment of 
Mr. Walton to a commission in die holian Army lleserve of 

Officers. 


I\\ SCFA'IAL IcNQl'IlUI'S, 

Fermentation Organisms. I'lic work .m Ikikhar was 
miule the sulijert of a Memoir wliieh m.-is submiUea lov 
pnbl.eatum in April The relatioimh.r.s Ijetween the amrlo 
ferineiits ami the Saeeharoiuyeetes involved m tliib .nuolion 

are still being studiol 

Yeasts of the .erevisi.e ivpe beverallv eliaraeter.stie o 
the fermentation of /mi/om and mohmse.b mere sei.ai.itKi 

rZoViili.-.0--a 'v..oOi.Y"VY;' 

-O far hut in llie preseul oomhimn ol tins imhmti 
bO t.u, hut ‘y Ynro'm’ss will he iiiiule of 

Imlia ,t seems unhkeli 'pP'; ,, the lark 

the kind essential tor swub-- ■ Tl,,. -ueeess of the 

fermentation to M J ^ ,,per 

conseriucnt c'ompaiauu l i j depends 

,„,0„ the U* «t » iH-s. <i»«pr , ' bkho 

tlieref.ivo ul'o" llu' 1“'" " , . die only 

>nUuno’0,t voa.l.tat.nl>~y 
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methods of ellecting this, so far as I know, in India are 
merely wholesale imitations of European practice, it is not 
to be expected that total disregard of the very large differ- 
ences in the conditions under whicli growth of the yeast 
takes place in such widely different climates, will lead to 
any high standard of efficiency. On the other hand, it does 
not appear probable that any great experience or technical 
knowledge should be required to make successful modi- 
fications and ada])tations of European methods to Indian 
conditions, but some, at least, is essential. 

Saltpetre. Experimental work was carried on during 
the year in order to obtain some knowledge of the biological 
factors involved in the production of saltpetre in the soils 
of Bihar. Information was sought for on the following 
points : — 

(1) Why does this industry flourish in particular 

localities f 

(2) Could it be extended either in the places where it 

is already established or into other districts? 

(3) Could the methods of recovering the nitrate from 

the soil 1)0 made more efficient ? 

The enquiry is still in aii early stage, but it seems clear 
that the leading factors in determining the localities in 
which this industry can tiourisli are (1) a liigh percentage 
of lime in the soil (2) suitable climatic conditions for (a) 
nitrification of organic oiatter, {b) accumulation of the 
nitrates formed. 

These conditions are fulfilled in several districts 
throughout India including the Punjab and the United 
Provinces but it is in Bengal and especially in Bihar that 
they are most fa\'oural)le. It has been ascertained that 
nitrification goes on during the monsoon in soils containing 
much nitrogenous organic matter such as occurs in the 
neighbourhood of villages, and that concentration of the 
nitrates formed is prevented by the rainfall which carries 
them down, and allows production to go on in the soil 
stratum in which (•onditions of food supply and aeration 
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favour bacterial action, wl,ich (vould. liowever be inter 
fered with by accumulation erf nitrate l3eyoiHl’ a certain 
concentration. Such a coiiceutraiion is found in some of 
the saltpetre earth collected foi' extracnon by the iitiukih/^ 
and it is ot* an ovdor iiiauv thfin that 

necessary to inhibit nitrihfatioiy it, is vlear tiiat it has not 
been produced in situ by this process, iiut iias )>eej) nrmed 
at by the evaporation of weak solutions of nitrates from 
the soil surface either in the hehl or on the cvalls of houses. 

The uunvih collects ni(ii.i'iuutt or saltpetre earth from 
haphazard sites selected with lefeienee to the accumula- 
tions of nitrogen characteristic of village sites and cattle 
sheds; hence he is dependent ou uncontrolled siip])lies of 
raw material and any expansion of the imiustrv could onlv 
be effected either by introducing the uaniuh into hitherto 
unexploited districts or by artilicial iittnhcalioii of nitro- 
genous organic matter which would otherwise serve some 
other purpose. An attempt is now lieing made to discover 
the extent to which the cariTing out of this latter alter- 
native is feasihle. Local enquitn i;as elicited the fact that 
the nuniah does not generally maice Ins business pay until 
the second or third year, which he attributes to the fact 
that the amount of nitrate (dymiued directly by extraction 
from the eartii (‘ollocted in the neighbourhood is insnfli- 
cient ou the average to pav expenses, and it is only when 
the accumulation of residual eartii pvhicli alter extraction 


is earefullv stored) is .sulliciem in quantity or suitabl} 
matured for a second extraction, that pipitig quantities 
of saltpetre are obtained. 

If this information iu'o\c> lo iv reliaide it is obvious 
that a great deal can lie done tor tite lU'lustry siinph h\ 
ensuring that the lime s}hmu in maatvitig the :>tore o 
I'esidual eartii shall lie employed to tite best advantage, 
be., that the optimum percentage o organic matter am^ 
moisture shall be present, that no '-iclung n onn a'c^ 
place, and that nitvihcation shall not l>e inteiuiet wi i 
hy the addition of excessive quannues oi salts m solutio 
in the "mother liquor' remaining aitei umceii ra 
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whicli it is the miniah's practice to return to the heap of 
residual earth. This practice may be harmless or even 
valuable up to a point, after whicli it must tend to lower 
the rate of nitrihcation. 

The addition of wood ashes is another practice which 
probably might be modified with advantage after examina- 
tion. The addition of organic matter will no doubt })rove 
the most likely source of possible improvement; experi- 
ments on this point on a considerable scale are in progress. 

Potato Rot. The empdiy into this subject referred to 
in my re})ort for 191d-14 was completed and a Memoir on 
the subject was submitted for pulilication. It was shown 
that the rotting of potato tubers in store was in many cases 
due to the action of bacteria common in Indian soils; the 
conditions under which sncli liacteria were able to attack 
the tubers wei'e described and preventive measures recoin- 
mended. The practice of storing tuliers in sand as a pro- 
tection against potato moth appears to be responsible fur 
many cases of rot in consequence oi the increased (‘hanees 
of moisture condensation due to the use of earth instead of 
sand dr imperfect ventilation. 

V. Programme uk work ion Ihld-lb. 

Major Subjects. 

(1) Nitrogen fixation by Azotoiiacter. 

(2) Nitriiication of organic matter; including cmidi 

tions severally favourable to ammoiii heat ion 
and nitrificjition. 

(3) Green manuring with special reference to 

organisms resjionsible for breaking down ol 
buried {jlant tissues and their conversion into 
liumus, ammonia and nitrates. 

Tield experiments in green manuring will be ear 
ried out in the Puetoiiological area attached t<^ 
tlie outside laboratory. 

(4) Activity of soil bacteria, with regard to the 

rendering availalile of ph()s])liates and other 
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action of suporpha.phatrrcrar l«'tiliziiig 
^ green manures. conjunction witli 

(o) Soil Toxins. ^>fK'tGrio-t()viii - 

+1 .* ' coiniec'oi uiHi 

the practice of green inaimriiig ;,n,l the use iV 
organic manures m p„,|, hrame.l .soils 
(0) ..tiuh- of comhtions umler wliich saltiietre is 

fovniod in soils 

(') 

S' -sv,„s ,.M ,i,i, 

nncsngating soil cm,], nous; tliis sul.jeet |■orlns 
a piincipal part ol the training of students in 
this seclioii. the earlier stages being espeei.ill,- 
desigiieii til allow of fairiiliarizatioii evith ine 
inetiioiis ,)t oiitaiidng inionnation as to the. 
hiologiral eoiiditions ill a soil witlioiu uiidev. 
-oiiiM of [rniiijiig in pm^oly liaotoriolo- 


. 1 / ///,//' S//h /rr/.s*. 

oi ol yo 1 1 1 s'lis t'( 11 1 1 uH'i o< ] Willi IcriiiGiitatioii, 
Siu'li oasG.s (0 Idioh'i'ial di^ea^o of plants as nuiy arise, 

W. Pria.U'ATioxs. 

The followiiiLi' pulilirati(ais were is'^ued dnriiig’ tho 
year : — 

(1) A Aow Nil rite-ldwininy Oryain'sno b} V. .Toshi. Man. 

DrpL oj A<},i. in Hint, > V.. V.h 1. Xo. 0. 

(‘^?) All mi (Hi “Tinl.’bvt', M. 11 u rliiiivnn. .\ iji'n-nJiiiinl 
Journal nj Ini! in, (irtmln'r I'.lM W.l, iX, ifnt IV. 

{'h Ih'povt on A l: ricuMii I ;il ibh-tdiio y let- ntl’)-l 4 tor tin' 
lionoi of Scit'ii: itir Ailvi( 0. l>v ('. M, ! luifliiiiNoii. 
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REPORT OF THE IMPERIAL COTTON 
SPECIALIST. 

(1. A. Gammie, 

I. Charge and Tours. 

I held charge of the appointment throughout the year. 

Tours. In October, I visited the United Provinces and 
toured with the Deputy Directors of Agriculture and 
Economic Botanist. 

In November, I visited the Central Provinces and 
travelled with the Deputy Director of Agriculture and 
Economic Botanist. 

In December, the special trials of Egyptian and other 
cottons were investigated at Gokak in the Southern 
Mahratta Country. 

In January and February, I was in Gujerat with the 
Deputy Director of Agriculture working out the character- 
istics of certain local cottons. 

In March, I was iu the Southern Mahratta Country 
working out some details with the Deputy Director of 
Agriculture. 

JL Cotton in the Provinces. 

United Provinces. Cawnfore. Mr. Leake’s No. 7 is 
Go:isiipiuM indicum, var. MolUson'i, according to me. This 
is highly reported on by the trade and it certainly looks 
very promising. Here the glabrous form of Upland Geor- 
gian cotton is known as Dhar war- American and the hairy 

leaved one as C awn pore- American. 

(’onformably with our experience the latter is the more 
suitable to grow, as it is hardier than the smooth-leaved 
form, which is also peculiarly subject to insec't attacks. 

Fn Dr. Parr’s Circle, the CaMmpore-American is sur^ 
passed hy Uhnri, an acclimatized lipland from Chutia 
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Nagpur. The Cawnpore-.\,ne, ic,,, f 
elsewhere was originally of nianv h-pe's hutlirr f t"'’ 
now satisfactorily purified it. As'the ’result of ^ 
trials the cotton is said to be .slchrlv ! ^ spinning 

American in all respects exceut tint it llr 

short hbres, . d,ara -ter «h \ ! n" '"'“l:""” »' 

by tho .etho* or 

■nctea^ of 2 per rent. i„ tl„. r f'l 

possible and desirable. 


Kalat. Keve Mr. Leake has a ivell-arranged farm for 
growing his ypes and selections on a fairly large scale. 
This farm amII serve as a centre of distribution, of a pure 


supply of seed of the followm; 


>' varieties : — 


(1) A white-flowered indigenous cotton fit for the use 

of the eastern parts (,f t!ie Provinces. 

(2) No. 7 or the while-flowered /'n/in//,/ which is being 

successfully introduced into llundelkhand. 

(3) .\ red-flowered cross wliich will eventually replace 

the inferior but liig'hly |)roductive white- 
Ho were d cotton oi this tract. 


(4) A large boiled variety of smooth-leaved Upland 
from Persia, This i^; not promising and it will 
probably ha\e to i^e aimndoned. 


I visited several localities in which Bhiiri cotton 
is grown, in the comjmiiy o!‘ Dr. Pari' and 1 agree with 
him 111 thinking that it is quite suitable for this tract. 

Cotton Of derations in the riiitcd Provinces can be sum- 
marized as follows : — 

In Mr. Burt's I)irisi(U/. The introduction of Cawn- 
pore-Anierican into localities wiili g(^i d soil and irrigation; 
the extension of No. 7. throughout Buiuiedkhand; the 
introduction of an early-maturing ariety for the eastern 
parts. This, at present, is being ewlved by Mr, Leake. 

In Dr, Parr's Dn'isioji. Ibe present extension ol the 
white -flowered indigenous in phico of the prevalent 
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mixture. This he hopes to supplant in time with 
Mr. Leake’s improved red-flowered cotton; the extension of 
Bhiiri as a higher class cotton in the favourable localities; 
a possible improvement of one yellow-flowered indigenous 
cotton at least. 

Distribution of improred seed. It is satisfactory to 
note that this has received careful attention and I approve 
of the method now being worked out by Dr. Parr in the 
Western Circle. In this there are a large number of 
spring wells, giving a discharge of from 8,000 to 20,000 
gallons an hour. It has been shown that this water can 
be raised more cheaply by oiLengines and centrifugal 
pumps than by bullocks. As a result, a large number of 
zamindars and cultivators are putting down pumping 
plants on their wells. Government is assisting by giving 
tabari for this purpose. These installations are doing 
very useful work directly, that is, in pumping water 
cheaply. They are also going to prove extremely useful in 
facilitating the su])])ly of im|)roved seed introduced by the 
De})artment. I will confine my further remarks to the 
needs of the cotton crop. Many of these oil-engine owners 
are being induced to put down cotton gins. At present it 
is hoped that for every one hundred thousand acres of 
cotton grown, there will be about twenty-hve oil engines, 
each with a cotton gin attached. The oil-engines vary in 
size according to the amount of water in the wells and the 
deptli of the water from the surface, but each will commaud 
on an average about fifty acres of cotton, that is to say, 
there will lie twenty -five seed-farms each growing fifty 
acres of cotton or a total of 1,250 acres. The produce of 
this area will sow about 18,750 acres in the following year 
so that these seed farms will sujiply seed to tlie total area 
of one hundred thousand acres mice in about five years. No 
liard and fast rule need be laid down. If it semns advisalile 
to cover the area more often, many more centres where 
pumping installations are working, will be available. To 
su])ply the twenty- five s('cd farms or the total private seed- 
farm ai^a of 1,250 acres, an area of eighty acres will be 
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required. This will be entirely under the control of the 
Agricultural Department. 

The private seed-farms will gradually establish a 
reputation as suppliers of good seed. The crop will be 
cyfown, the ginning done and the seed supplied at first 
under some supervision froin the Agricultural Depart- 
ment. But it is hoped that gradually supervision will 
become unnecessary and a private seed supply agency will 
crrow up and relieve the Agricultural Department of what 
is at present one of its most onerous duties. 

My assistant, Mr. Mankad, also independently visited 
the Provinces and furnished notes su[)plemeutary to my 
own. The types grown at Cmwnpore under numbers are 

thus understood by us. 

I. 6r. obtusifolhim, 

II. G, herhaceuvt, 

HI. G. arboreum. 

IV. G. indlaua (true) with yellow ftoweis, 

V. G, neijlectum, broad-lobed, yellow flowered (var. 


VI, G. n,‘<jkeium. broad^obed, wlnte-flmvered, wub 
branebing habit, 

VII 6' -hvoad-lobed, ^vlutey.^verea t., 

Indloim var. iloamm according to us), 

VIII G iiarro'v-lobed, with yellow oiieib 

,x, 

(var. I'omi). 

X. Assam or Kil cotton, 

XL G. sa,ujuhn->im. with pink lio^vev^. 

The Econoniic wS ul-i t!) 

yiossessing the follownig ipiractt s 

(h] heavy outturn, (<’) high ”’".'’1 " To achieve 

rior quality of fibre, (L, ^ .ypted type of I’biHese 

the last object he has selut.il , . 

cotton which lias naked seeds. . 
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Type VII comes to maturity early and gives an average 
outturn of 800 Ife. seed cotton with a ginning percentage 
.of 33 to 34 and staple averaging three-fourths of an inch. 

The cross arhoreim x Mollisoni gives an outturn of 
■fiTOO lb. seed cotton, with a ginning percentage of 33. and 
staple of about three- fourths of an inch. This cross, which 
resembles Sang nine um in all respects, is now in its fifth 
year and it is intended to start distributing its seed. 

At the Kalai Farm Type VII is grown on 35 acres. 

The crosses put out arc ; — (a) arboreani x wseum, 
purified white-flowers ; (b) arboreum x roseum, purified 
yellow-flowers, seventh generation; [c) arboreum x roseim, 
purified pink-flowers; {d) arboreum x indicim var. Molli- 
soni (Type VII), pink-flowers, narrow-lobed; [e] arboreum 
X Mollisoni, red-flowered, purified. 

At Cawnpore, under Mr. Burt, Black Rattler and other 
fancy types of American cottons have been tried with fresh 
seeds obtained from America but so far they show no 
promise. 

Bhuri seemed hardier and better in growth than Cawn- 
pore-American and also higher in ginning percentage. 
The fibre of both, however, seemed weak. 

On the seed farm roseinn appeared more promising than 
either Type VII or Cawnpore- American. 

At Aligarh, the white- flowered local cotton (roseum) 
seemed better than Type VII. This gives an average 
outturn of 800 lb. seed cotton, with a ginning percentage 
of 37 to 38. The cultivators in this Circle have been in- 
dependently selecting white- flowered cotton seed. It is 
possible that in the future the whole of the cotton in the 
tract will consist solely of this. 

The conclusions arrived at by Mr, Mankad are that 
(1) the local cottons are the same as those of Sind (a tract 
with which he is iamiliar), but less hardy, (2) Of the pure 
types, indicum var. Mollisoni and roseum, the former pro- 
duces the better staple, but is poorer in ginning percentage, 
(34) the latter gives a very high ginning percentage and it 
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is hardier. (3) Of the k 

nrowUhfr V ; !, X MolBoni is 

fr AT f' 1 [ .mnfuineum in all resnects 

Mr. Mankad has not personallv seen the Moolfan cSton 
hut from samples oi it received from Lvalipur it apnear^ 
to h.m ttat cotton of ,1™ ccoo, ic kckin, in L„ JLl' 
It ta . linen Of ,1„ c,n.,.o,l 

Amerccan and k ' 

really succeed in this tract 

Central Provinces. At TdinBien Farm tlm most 
promising selection is a cross between llani and royeia//. 

The selections of rose,,, varv in iiercentage from’ 4] 
to 43. 


Tambodia seems to ripen too late for this tract 

Allen s Long Staple is not promising. 

At Tharsa, there is a very weitgrown plot of rose/fj^f 
and there is no particular reason why it shouhl not do Avell 
in this locality. At (‘liliindwara. an Upland cotton has 
produced beautiful bolls in ^tr. Laurie’s orchard and that 
gentleman has promised to save the seed and put it out on 
a large scale. At the Seoni Fariii the cottons are early 
r’ipening (lufpytt and They are most suited for 

this tract. Tlie\' ai’e also being grown to demonstrate the 
advantages of drilling over broadcasting which is the Inial 
method. It is to be hojied that the people will follow the 
excellent exanpiks slanvn on tliis farm. The hmdar is a 
particularly intelligent man and has a very clear idea of 
the tiatui*e and \alne of tlie experiments under bis charge. 
At Sindewahi. Cambodia and ro^vnin are being tried 
under irrigation (Ui ^rui-dl soil This is the third year of 
the trial on a large scale. Last year, under irrigation and 
manuring, the cvo]>s were 1,000 lb. of Cambodia and 
1,200 It), of ro.<enm. The cotton was of a good quality. 
So far the cultivator^ hesitate bet'Veen the claims of rice 
and cotton. This is mU really a < dton-growing tract and 
it w'ould onl\^ ])artia11y rpjdace rice in the event of cotton 
l>rices ruling iiigiu i\lr. Clouston has hopes of a cross 
between (le,^h 'i and rcsfO/.'//, It is valued at pm 

T.1 
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cent, more than Hinghanghat. Roseum everywhere is a 
strong competitor against Bhuri, which will be restricted 
ultimately to wilt- infected areas. 

Cotton from the Sindewahi Farm was reported on as 
follows by Messrs. Tata and Sons of Bombay — 

Roseum, Compared with roseum grown on the Akola 
Farm, it is a little longer in staple and softer 
in feel, though the class is dull. Can spin up to 
12 s. Value Rs. 190 per candy or equal to the 
price of Akola cotton on the day. 

Banix Deshi Lahore. Seems to be a little better in 
staple than the same variety sent from the 
Akola Farm, though not so bright as the other. 
Can spin up to 22’s and 24s. Value Rs. 240 
per candy. 

CaMbodia. Compared with hani of the Akola Farm 
it is weaker in fibre and a bit shorter in staple. 
Can spin up to 30’s. Value Rs. 260 per candy. 

An analysis of these valuations based on the acreage 
outturn of seed cotton and ])ercentage of cotton to seed 
shows that in actual values the three varieties from Sinde- 
wahi stand as follows : — 

Roseum, Rs. 6o per acre. 

Cambodia, Rs. 59 per acre. 

Bani x Deshi Lahore, Rs. 40 per acre. 

On the same basis nine varietiess of cotton received from 
the Akola Farm stand as follows : — 

Per acrr 


Rs. 

{!) Banix Deshi Lahore .... 5814 

(2) Goisypium negleciuin, var. rosea . . 58’:) 

(3) Gossypum neylectam, var. Cutcliica . 5()“2 

(4) Gossypin7n neglectuni, var. Mnleensis . 33’ 14 

(5) Gossypintn hirsutum, var. Bhuri , . 32 '0 

(6) Gossypium neglectum, var. vera . . 31 ’4 

(7) Gossypium indicum (Bani) . , . 3010 

(8) Gossypiuni neglectum (Berar Jari) « 29 ‘5 

(9) Gosiypium neglectum (Savigor Tari) . 2013 
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».s.l to Gokak .kgr,™ltu.„l a»li„„ ^ „d "mrt 

on some interesting experiments eondueted by Mr. Kottur 
I submitted the following note 

Egyptian cottons, in 1908-09, Abassi was grown. 
The plants were very vigorous and tall and gave good 
cotton. In 1909-10 the plants were stunted and fvere 
attacked by red-leat bhght. In 1910-11, Abass, and Meta- 
Fifi were both tried with .seed procured from Sind The 
plot became water-logged, the plants w ere attacked by red- 
leaf blight and the outturn was suiall. In 191243 the 
plants were moderate. This yei^r they have done better. 
Mr. Kottur^ thinks thaU b}' selection, he can finally make 
the Lultivcition of lcg\|)tian cotton in (lokak a success and, 
as he is endowed with the sjiirit of independent research! 
I recommended that he shouhi be encouraged to persevere. 
In this tract, cotton is gi-owu under irrigation on four 
thousand acres out of an aica of forty thousand acres, so 
in the event of success a large area could be put out under a 
high class cotton. 


(’ambodia cotton suffers from red leaf bUerht, It mves 

o O 

a good yield under a low raiiifall and a bad one under a 
heavy rainfall. The crosses from Xadiad-Abassi x Bour- 
lx)n, Bourbon x Abassi. Aliassi x I'ambodia are not promis- 
ing and they are Ixx'oining later in ripening. Broach 
cotton is onlv fairly satisfactory. Selected Kumpta does 
well. The local variet\' kmit [ftn is the most to be depended 
upon under all conditions. 1 luler irrigation it yields 
up to six hundred and seven hundred ju'^inuis of seed cotton 
])er acre. 

The following ol>scr vat ions made by Mr. Kottur on 
Meta-Fifi sown from seed iinjunued t’’om Egypt by me are 
i n teres ti n g as showing d i ft e re n ces c; - i sc d at once by a new 
environment .* — 

( 1 ) The hciglit of the plant, instead of being eight 
feet, is from four to five teet. 
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(2) Instead of bearing numerous long, upright, basal 

branches, it has none or very short ones. 

(3) Instead of the fruiting branches being produced 

only above the middle of the plant they are pro- 
duced from one-third the height of the plant 
upwards. 

(4) The plants are glabrous. 

(5) The teeth of the bracteoles, instead of being short, 

are long. 

(0) The colour of the flower is light yellow and not 
bright lemon yellow. 

(7) The lengtli of the })etals, instead of being two 

inches, is one and a half to one and three- 
quarters inch. 

(8) The bolls in most cases are not well-filled, the tops 

being often blunt. 

(9) Tlie number of cells (locks) is three in all cases. 

(10) The staple is one-lialf to one inch long. 

(11) The covemng of the seed varies. It is green-tufted 

at both ends, or only so at the tip; brown-tufted 
at both ends; brown-tufted at the tip only; and 
almost naked. 

Although the seed was procured from a reliable source 
in Egypt it is quite ju'oliable that I may not have been 
supplied with the real article, and all tlic above differ- 
ences may not arise from altercvl conditions. 

The opinion of Messrs. Tata on a sample of Egyptian 
cotton from (iokak Earm is as follows ; 

It is a long stapled excellent coitoii having all the i hararlcriNl n > 
of Egvjdian. We liavo no basis to v(dno tliis cotton. 

Broach cotton at Dharwar. There is now the eleventh 
generation of ilroach. The percentage of cotton to seed 
has fallen to 29. The cro]) ripens almost as early as tliat 
of Kumpta. Mr. Kottnr has detected eiglit dillerent shapes 
of bolls in the Broach cotton. He is to sow the seeds from 
each of these separately so as to ascertain whether any 
differences will ultimately occur in ginning percentage and 
other factors. 
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There are four experiment.^ conducted on this 
farm in connection with Broach cotton 

(1) hkevri {Seshania (£(jy'ptiaca) and jo war used as 
windd)reaks. Owing to the absence of caster K 
winds tins year the results are indehnite. As 
it has had effects on contiguous crops, shcyori 
should be removed and the joway alone kept on. 

(2) lo test the ])revailing idea that jowar follows 
Kumpta more prolitaldy than it does Broach. 
(Last yeui' s conclusion served to pro\e that 
follow^s Broach just as well as it does 
Kumpta.) 

(^3) Vv ilt disease. It has only appeared this year and 
is increasing in Bioacli cotton, especially in that 
from the new seed. 

(d) Deep ryrs/iy shallow ploughing. 


Subsiduirv tesis are in progress to find out whether 
joimr sown in August will come on as quickly as that 
son'll ui July, the liilliculty at present being that the culti- 
vators sav they caiiuot get their fields ready in July for 
sowing jou'/u' after Broach cotton. 

\'er\- little of the Broach cotton produced by meuihers 
of the Agricultural Association ranked as first class in the 
auction. "’I'liey should not be discouraged by this failuie 
but repeat the experiments in more carefully selected areas. 

The memViers of tlic Association have also imbibed the 
idea that Broach has a bad effect on the succeeding jomr 
crop, I'he expenments on the farm (alreu*' re'ennl to) 
may reassure iheiii on this point, 

hlr Maiikad has the following note on the sale of 
Broach cotton which took place on the 16th May 191o at 
Dharwar : - 

■■ In all dll 000 lb. of .seed were stnbuted covering an 
area of about 2, .100 acres flO.OOO fresh seed mipot te 
from Navasari ami 20,000 lb, from the special class 
auction sale of last year). 
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The cultivation of this cotton is chiefly confined to 
Dharwar, Hubli, Bankapur and Haveri Talukas of the 
Dharwar District and the Sampgaon Taluka of the 
Belgaum District. 

Sowing took place in July as well as August. Heavy 
continuous rains spoiled especially the black soil area 
bordering Malad so much so that the crop had to be grubbed 
up and the area had to be put out under wheat. The shed- 
ding of the leaves was tremendous and the bolls dropped 
down; the opening was also unsatisfactory. The average 
yield in this area, viz,, the black soil area bordering Malad, 
was very disappointing — 50 lb. per acre only. 

In the eastern portion of the black soil area bordering 
Malad the yield per acre averaged 200 lb. kcifas. The 
crop did not suffer much in these parts as the rains were not 
\erv heavy. The late rains in January and February were 
most unfavourable for all cotton crops and especially to 
Broach. The excessive moisture at that time induced the 
plants to throw out more of leafy and woody growth and 
the bolls already formed did not open at all. 

Picking was very leafy. The local cotton Kumpta %vas 
also a six anna crop. 

The total number of dhokadas of Broach cotton received 
at the Depot was 1,274. 

The cotton w'as graded in six classes according to 
ginning percentages and the following prices were obtained 
per naga of 1,344 lb. kajxis : — 


Class 


Giimmg per rent. 

Crirc i>cr nagfi 

He. 

Special 


. Nil 

Nil 

1st 


. 3^1*5 

150 

2nd 


. U'D 

113 

Srd 


. 31-5 

136 

1th 


. . 30‘5 

127 

5th 


. 20-5 

124 

fitb 

* 

. Rejected Broach 

110 
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The local cotton Kumpta on the dav stood at Rs 107 
per naga. '' 

In addition to Broach cotton 438 dhokadu.'< of Kumpta 

RS,.11U-,; and Rs. 108^^ respectii-ely jier uumi of kapa, 

The prices M'cre offered from the point of ginning 
percentages Broach cotton graded in Class IV was 
stronger and lietter in colour than that of Classes 1 and If 

The ginning percentage of Kumpta cross was very low 
tins year owing perliaps to tlie deterioration of the variety 
due to local seeds Iteing used even- rear No seed was 
tlierefore bought back this year. Similarly the ginning 
percentage of Broach was low this year. 

It will be seen from tlie statement that not even one 
dlwkada has come in the special class. The number of 
dhokadas even in the first class was vei'y small, riz.. 52. 

All the Broai.Ii cotton was purchased by Mr. Jijibhai 
Ardesliiar Deweclia who was specially deputed by Messrs. 
Tata, Sons & (’o., Bombny. 


It is proposed to get atiout 3,000 ft. Iresli seed from 
Navasari and to obtain all seed from the hvst class of the 
sale at 40 Ib. a rupee (tliis will give about 10.000 ft.) so 
tliat in all tliere will be aixnit 13.000 ft. for distribution 
this year. From the (juantit}- of seed Intended for distri- 
bution it seems that the area under Broach cotton will 
considerably fall tliis rear. ’ 

Messrs. Tata make the following valuations and re- 
marks on six samples sent fi'om Dharwar: 


Setial 

No. 


Naiiio of Variot 


n KM ARKS 


1 

2 

3 

4 

6 


Kuril] 'Ll fnun }4<d (UhS 

Kiimrra solct'U'd fiT 
quality. 

Kumpta cros.^ 

Kumpta X Oiio^ari 
Broach goueration 


1 No. a i? it) every iTspoct ?u]Hnor to No. i. Nu. 1 can 
spin wy to 'i4’s Mid No. '2 cm spin up to 32V. 
' Value No. 1, rjP. Nu. 2, m. 245. 

) No 3 fiu\H’V\ov ' No. r—cspixMallY ill strength oi 
- tihiv, Caiisp ipto24V. I'hIuc NV 3, Rs. 240 
) ami Nu, 4, Rs. 2 -vj. 

) No. 0 is duOtiodiy superior lo No. <j. No. 0 ha.8 
•- imu'h dotoriorat'od. No. 5 can spin 40’.s. Value 
' Rs. 2(30. No. Ocausi'innptoSO’s- \aluoRs. 240, 


Broach Uth Oust) 
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Basis of prices per candy of 784 ft. on 21st July 1915 : — 



Rs. 

Kumpta (mixed) .... 

210 

Kumpta (pure) .... 

230 

Navasari ..... 

260 

Surat 

240 

Broach ...... 

220 

Saw-ginned 

215 

Cambodia ..... 

240 

F. G. Mathia .... 

160 


By analysis of the market valuation and acreage on 
them these samples stand in the following order : — 


(!) Rumpta Cross 

Valac per acre 

Rs. A. 
61 9 

(2) Lumpia selected ior quality 

56 2 

(3) Broach (11th generation) 

44 11 

(4) Kumpta (from plot 608) 

43 11 

(o) Kumpta X Gbogari 

40 9 

(6) Broach (1st geueratioii) 

17 0 


Exotic cottons at G-adag. New Orleans, imported 
from the United States of America, in 1908, does not 
differ now from Dharwar-American. The seed, at first 
naked, is now fuzzy. 

Allen’s Long Staple is coming down to the local per- 
centage and Boyd’s Prolilic has changed in the same way. 

Texas Long Staple is maintaining its percentage better. 

Texas Long Staple and Allen’s Hybrid are the best of 
the exotics at Gadag. They ought to be put to the test on 
a larger scale, as soon as possible. 

Dickson, Peerless and Cook are also to be tried on a 
larger scale next season. 

In alternate lines of Dharwar-American and Cambodia 
evidence of inter-crossing is apparent to the extent of one 
per cent. The belief is gaining ground that Cambodia is 
more suitable than Dharwar-x\merican for dry areas. 
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Dhar war- American, New Orleans type comes true. 
It is later in ripening than the true Upland form. The 
staple seems better than tliat of Upland although the latter 
was valued more highly in the market. 

The Upland has a ginning percentage of about 30, the 
New Orleans 28. 

The Upland type is being grown ])iii‘e in the liane- 
bennur Taluka by Mr. Kottur. The two varieties are 
grown mixed in Gadag and Ron Talukas. 

The following is a note on the auctions drawn up by 
Mr. Mankad : — 

The auction sale of Cambodia /’upn.v was held ai: 
Gadag on the 9th Nlay 1915. In all 20,000 lb. of Cambodia 
seed were reserved for distribution purposes, 3,000 lb. from 
the Gadag Farm and the remaining 17,000 lb. from the 
purified lot of the special class of the auction sale of last 
year. Of this quantity, about 7,500 lb, to cover about 400 
acres were sown in the Gadag and the Ron Talukas. The 
same quantity ivas intended for the villages of the Rijapnr 
District, but on account of the suggestion made bv the Gov- 
ernment to put out larger areas under cereals, onlv half tiie 
quantity was distributed cluefiy in the \illage of Knndcrgi 
in tlie Ragalkot Taluka and the villages of Mangoli ajul 
i\Iuttigi along Gic Don laver where the coiijitions seem 
more favourable. The area under Cambodia cotton iji the 
Bijapur District will be roughly 200 acres. 

Sowing was done from the end of September till the 
first week of Octobeiv On the whole the season w'as 
not unfavourable to t'aiubodia cotton in the Gadag and the 
Ron Talukas of the Dharwar District but it proved very 
unfavourable to the Dliarwar-Aineri .'an. In the Bija[)ur 
District, however, the crop suffered o i account oi abnormal- 
ly heavy rains. 

With regard to t!ie sowing period, it seems that 
(himbodia iir the District thrive.s mucli better when sown 
in the beginning of October. Tlie experience gained on the 
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Gadag Farm shows that Cambodia gives better results when 
sown in the middle of September. The Divisional 
Inspector of Agriculture has taken up this matter of find- 
ing out the right season for sowing as a special study. 

The District Agricultural Officers during their tour in 
connection with the inspection of the corp have ' found 
Cambodia thriving much better in the village of Sudi in 
the Ron Taluka and in the villages of Kurtkoti and Hul- 
koti of the Gadag Taluka than in other places. The soil 
and other conditions do not materially differ and the com- 
paratively poor progress of the Cambodia cotton in other 
places requires careful investigation. 

The outturn per acre varied from 400 lb. to 100 lb. 
kayas with a ginning percentage from 32-5 to 37. In some 
well-cultivated fields at Sudi the yield was 600 lb. per acre, 
while the yield of Dharwar- American was not more than 
500 lb. in any fields. Experience shows that Cambodia 
thrives in years when the rainfall is moderate. 

1 am strongly inclined to believe after examining the 
cotton that the staple of the Cambodia cotton has not only 
become weak but has considerably deteriorated in length 
also, i.e., the staple is both weak and short. Unless selec- 
tion work is undertaken, I am afraid that this cotton will 
lose its reputation. Experienced cultivators say Liiat the 
cotton bolls are now becoming smaller in size than they v/erc 
when the cotton was first introduced. 

The varying results of Cambodia cotton would always 
be a strong factor against the possibility of its extension 
in larger areas; the extension will also remain limited, as 
the Dharwar-American cotton is very promising in the 
Ranebennur Taluka and the adjacent parts. 

All the kappas was not received at the auction depot, as 
the needy cultivators cannot wait till the auction sale is 
arranged for. 

In all 1,189 dhokadai} (4 Dhokadas = l Naga = 1,344 lb.) 
were received at the depot. The cotton was graded in six 
classes according to the ginning percentages. 
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The prices offered for each class are given below per 
naga of 1,344 lb. : — 


Class 


Ginning percentage 

PrJee 

Rs. 

Spec ml 


37 aiul above 

. 154 

ist . 


30' 5 . 

. 145 

2n{l . , 


35-5 . 

. 146 

3rd . 


34-5 . 

. MO 

4th . 


33-5 . 

. 140 

5th . 


32-5 . 

. 135 

UnclaBsified 



. 132 


The price of Dhar war- American on the. day was Rs. 108. 
The prices realized are mostly from the point of ginning 
percentage. 

It is proposed to purchase all the seed of the special 
class at 36 lb. a rupee, and about 1,000 lb. will be avail- 
able from the Gadag Farm; so that the total quantity 
available for distribution this year will be about 10,000 lb. 

With regard to the prospects of Cambodia and Broach 
cottons in the Southern Division, it can be said that : - 


The two varieties of cottons have not been well estab- 
lished, as yet. In some favourable seasons they give 
excellent yields, while in some, they yield less than the 
local Kumpta. In some years there is timely rain for 
so w i n g the B ro ji c li vane ty ea r ly in J u I y, h i le in ot h er s , 
the sowing season is unfavourable either through 
insufficient or too much rainfall. Similarly heavy late 
rains spoil Cambodia crop. Besides, there is a belief that 
the Broach crop impoverishes the soil and the folhming 


crop of joivar becomes very poor. 

The percentage of Hnt also vanes according to the 
nature of the soil though the seed so^vn is of very superior 
quality. Notwithstandiug the aboie adverse conditions, 
people have a tendency to sow Broacn cotton at east on a 
small scale and this tendency is due to the hig^i price en- 
sured to them by holding an auction sale by the Departme t. 
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The jireseiit high rate given by merchants in the auction 
sale is for the following reasons : — 

(a) A large quantity of Broach and Cambodia kapas 
is gathered at one place by the efforts of the 
Department ; 

{b) The kapas is graded and there is a sort of 
guarantee for the declared percentage of lint; 

(c) There is some Departmental check over the culti> 
vators not to adulterate the cotton with other 
inferior varieties. 

When the auction sale is stopped, merchants will not 
have the facilities mentioned above and the mill-owners 
will not be induced to buy the kapas at such high rates. 
The only merchants on whom the Broach and Cambodia 
cotton growers will have to depend, will be the local middle 
men, who, when they understand that there would be no 
auction sale, would offer as low a price as possible. 

The only solution to continue the cultivation of Broach 
and Cambodia cottons in the absence of auction sales by the 
Department ivould be either : — 

(a) that the cultivators should gin their own kapas 
and sell the lint, or 

(&) that some organized bodies like the Agricultural 
Associations or Co-operative Societies should 
take up the work of arranging the auction 
sales on the same lines as is done at present 
by the Department. 

The former appears to me to be impracticable. As re- 
gards the latter, it is a question whether the Agricultural 
Association, Dharwmr, can undertake this sort of w^ork 
independently. 

I understand that the holding of auction sales has 
been financially successful to the Department. Besides, the 
work brings the Departmental Officers in close touch wdth 
numerous cultivators and cotton merchants. The expert 
merchants and mill-agents consider that the Broach cotton 
grown at Dharwar is as good a cotton as that grown at 
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Navasari or sonic. times better. They have all along been 
giving good prices to encourage the cultivation and are 
still ready to continue the same. In the last auction sale 
Mr. Jijibhoy Ardeshiar llewecha, Manager, Swadeshi 
Mills, Bombay, expressed his opinion that the cotton was 
very good arid he would be glad to buy up to 10,000 bales of 
such cotton grown in the Southern Division. 

Di conclusion, it seems highly desirable that, until the 
cultivation of these two cottons becomes permanent on an 
extended scale, the auction of these should be continued by 
the Department. Similarly the steady supply of good 
seed (a large quantity from Navasari) will also have to be 
undertaken annually by the Department, " 

Messrs. Tata have the following valuations and remarks 
on six samples of cotton from the Gadag Farm 


Name of Variety Kcm.^idcs 


1 i J.)harvvar-Anier i c a n— Botli are far criijn^rior to Ordinttry Saw-gniined 

New Orleans tyjie. | Dharwar esj.'i^ciallv in leinrtli and strenti;th of 
c fibre. They l>ave n tainod some rhaiacteristicH 
i f of American. Xo. 2 is weaker in fibre tlian No. L 

2 I Dharwar-Amm ican^Up- ' No, 1 can .^pin np to 40's, A aliie Rs. 260. No. 2 

■ land type. J can S|mi np to 1^0' s. Value Rs. 21o. 

3 Dliarvvar-Aiiierjcan Ordi- It is ordinary saw-ginned. Can spin ii[> to 20'.s 

! nary’. Value Rs. ' 215. 

4 Cambodia, saw-ginned Cj No. 4 is .so nicely ginned that the sta}j]e does not 

j seem to be cut a? it ordinarily ouglit to appear. 
y The leiigtli of staple almost ot[uaIs that of No. o, 

0 Cambodira Double Rol- ’ roller ginned. Can s]tin up t't 32's. \'alne. liofh 
ler-ginnod. J R.s. 24ii. 

G Chri-stopher x C'ul- It is .superior to X(is. 4 and 5 esjteeially in .strength 
pepper. of fibre. Can spin up to 40'.s. Value Rs. 20U. 


Bases of prices are tlie same as those given for the six 
samples of Dliarvav above. 

An analysis of the valuations and average outturn 
places the Gadag samples in the following order 

Per acre 


( 1 ) Dharw;ir-Ain Plica 11. New Orhniiis type 

(2) Cliristoplier x Culpepper . 

(3) Dharwar-Aiiipricaii, Ordinal y . 

(4) Diiarwar-Aiiiericaii, Upland type 

(5) Cambodia, saw-grinned 

(6) Cambodia, douhle roller ginned 


Es. A. 

33 4 
31 9 

oa o 

22 6 
19 8 
19 8 
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Karkeli cotton. This was tested at Bhilvadi in the 
Tasgaon Taluka of the Satara District by the Inspector of 
Agriculture, Sholapur. 

The outturn of seed cotton was 204 ft. The Inspector 
says that the outturn was poor owing to the want of rain 
at the time of sowing, and from heavy rain after sowing. 
The germination w^as hence not satisfactory. The ginning 
percentage was 30. 

Messrs. Tata made the following remarks on a sample 
of this cotton : — “ It seems to have deteriorated a little in 
length of staple. Can spin up to 32’s. Value Rs. 210 
(Karkeli of the day Rs. 215).^^ 

An analysis of the outturn and value gives the crop a 
value of Rs. 10-5 -0 per acre. 

Cottons at the Agricultural College Farm, Poona. 

Three cotton varieties, Cambodia, Bhuri and Broach are 
being tested on this farm. The valuations of all are iden- 
tical and Broach, although it yields the heaviest crop, is 
falling off in percentage. 

Messrs. Tata report as follows on samples: — 

1. Cambodia . , . This cottou has somewhat dete.'ioraled m length of 

staple. It is rather coai>e in feel. In other 
respects it has retained its characteristics. Value 
Rs. 230 (Cambodift of the day at Rs. 240). 

2. Bhuri . . Same as above but a little better iu feel. Value 

Rs. 230. 

3. Broach . . .A little better than Fine Broach. Compared with 

Navasari grown in the District 1ms deteriorated 
Value Rs. 230 (Fine troacb of the day Rs, 220^ 

The value of the crops stands as follows : — 

Per acre 

Rs. A. 

(1) Broacli GO 6 

(2) Bhuri 50 9 

(3) Cambodia ... . 4G 15 

Gujerat. The selected cottons are being grown by 
villagers round Surat on about 400 acres. There appears 
to be a consensus of opinion that the selected cottons are 
really superior to the prevailing article. 
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The Superintendent of the Surat Farm says that prices 
fluctuate in different centres of the District and cotton 
grown in the north invariably fetches a lower price than 
tnat in the south. Cultivators gain by taking the trouble 
to ca^rt their cotton to the centre offering the highest price. 

Ghogan exists as an appreciable mixture in Broach 
but not in Surat cotton. 

The Superintendent also emphasized the fact which is 
true, mz,, that the Surat District is peculiar in that its 
conditions do not suit any outside variety of cotton so that 
cultivators would lose if adulteration of seed occurred. So 
far as we see then, Surat and Navasari cotton will always 
be grown pure and if contamination appears in the market- 
ed product, it must take place after it leaves the cultivator’s 
hands. 

The Superintendent also assures me that the bulk 
of the Surat and Navasari cottons is bought forward 
by agents from the Ahmedabad Mills before the Bombay 
traders appear on the scene and that all the Broach 
cotton of the Bombay market is really grown in the Broach 
District. The prices offered by the Ahmedabad merchants 
are in advance of those offered from Bombay, It might be 
as well for the Department to bring its improved cottons 
to the direct notice of the Ahmedabad mill owners. 

In ghagari the seed is larger than that of deshi 
and the cotton is more adherent so that it is more difficult to 
gin. The fuzz is white, while that of deshi is brown. 

As a result of an inspection of many fields of cotton 
in the Jambusar Taluka of Broach we found that ghogaTi 
was grown in a very pure state. The prevailing form is 
round Ir^filed and oniv a few plants with pointed bolls were 
found. In the event of a seed farm being established here 
to improve qliogavi cotton, distribution could be easily 
arrancred, as the villagers would naturally accept se^ 
whiclHs even only a little better than .heir own. There is 
sufficient land in the close vicinity of Jambusar town alone 
to provide area for seed farm purposes. ^ 
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In Vavli village the cultivators co-operate in having 
their cotton ginned under their own supervision so that 
they are certain of getting back their seed pure. The 
difference in yield of clean cotton in ghogari as against 
Broach Deshi is 14 per cent. 

The point to be decided was whether the form at 
Broach is suitable for the improvement work in ghogari 
or whether it could be done more efficiently at Jambusar. 
It is known that ghogari bolls open badly in the real black 
soil but on the Broach Farm, where the soil is intermediate 
in character, this drawback is not encountered. It is 
therefore quite practicable to effect the selection at Broach 
for the whole of the ghogari tract and villagers round 
Jambusar would, no doubt, willingly agree to grow pure 
ghogari for seed distribution. 

There are four types of ghogari cotton to be tested 

(1) The first and typical has a large, round boll, with 

a high percentage of lint, which clings tightly 
to the seed which has a white fuzz. This will 
probably be the form ultimately selected. 

(2) The second is a large, pointed boll, and the lint 

does not cling so closely to the seed. The fibre 
is finer and the fuzz is brown. 

(3) and (4) are small boiled equivalents of (1) and (2). 

On account of its high ginning percentage, its propor- 
tion in Broach Deshi mixture is steadily increasing and it 
would be safe policy to see that the cultivators get a hold 
of the best ghogari that can be developed. 

Stirat, Of the four cottons sent for valuation from 
this centre, taking into consideration their outturns and 
ginning percentages, they stand in the following order : — 



Per aerc 


Rs. A. 

(1) Selection II— General 

58 12 

(2) Selection I- A. 

53 4 

(3) 1027 A L F . 

50 6 

(4) Surti Broach Ijocal 

4G 11 
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;= ««y one of the three selections 

(the k«t)Tnrf H advance of the ordinary local cotton 
(the lak) and it would pay the cultivator to take them up. 

Mro. Plot. Til the Sisodra plot two of the above 


Pei' acre 

Rs. A. 

(1) 1027 A L F . , ^ ^ 

{^) SolGCtlOli 7 . , ^ 

(3) Local Sisodra . , . 29 12 

'piere must be some good reason for the discrepancy 
in the value of the cottons from this plot as compared with 
those trom Surat, It is jirobable that the cotton from 
Bilhmora and Chikhli furnishes the best so called Navasari 
cotton and that the product from Navasari itself is not 
quite so good as this. 

Broach Plot, We have already noticed that the pre- 
vailing form ghujarl is round-boiled and that only a few 
[)kiite have pointed bolls. It is interesting to find from 
the market valuations that the commoner form yields the 
better cotton. 

Next season when we 'will have outturn results from the 
two types of ghogari we may be able to say definitely which 
is the more profitable to grow. 

Nodiad Farm. The acreage value of the indigenous 
lalio is Ks. 85 '9 against Rs. 77-12 in Cambodia. This 
goes to prove tliat in the long run the local cotton will pay 
the cultivator best. 

Madras. Although not requested to do so, I have taken 
tlie liberty of obtaining the expert opinion of Messrs. Tata, 
of Bombay on the cottons grown in the Presidency, samples 
of which were supplied for museum purposes. 

Four samples of karanganni were . rceived from Koih 
patti Agricultural Station, of wdiicb three were special 
strains. The price of Tinnevelly for the day being Rs. 235, 
the ordinary karanganni sample with the percentage of 
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cotton to seed of 24, was valued at Rs. 220 ; Company No. 1 
with percentage 27, valued at Rs. 245 ; Company No. 2 with 
the percentage of 31, valued at Rs. 240; Company No. 3 
with the percentage of 33, valued at Rs. 235 per candy of 
784 lb. There has been an increase of 9 per cent, in the 
percentage and an increase of Rs. 25 in the price. If the 
acreage results had been supplied, we should have been in a 
position to give the actual value of the cotton produced 
per acre. 

Pulichai cotton is so largely contaminated with Berar 
seed that it is valued at the same figure. Company No. 2 
{Karanganni, special selection by Mr. Sampson from last 
year’s crop) is valued at Rs. 248, Tinnevelly of the day 
standing at Rs. 235. 

The Cambodia samples from Koilpatti and Coimbatore 
were valued a little below the price of good Cambodia in 
Bombay. 

Samples of v/ppam from Koilpatti and Coimbatore are 
valued at Rs. 205, the ordinary market rate. Bourbon 
from Coimbatore is valued equal to Navasari cotton at 
Rs. 270 and nadam from Coimbatore stands equal to 
Westerns at Rs. 200. 

With Westerns selling at Rs. 200 in Bombay, the sample 
from Hagari was valued at Rs. 215. 

With Northerns standing at Rs. 210, ^vhite-vseeded 
Northerns from Nandyal was valued at Rs. 230; black-seed- 
ed Northerns from the same place at Rs. 225. 

Coconada standing at Rs. 210, Yerrapatti red was 
valued at Rs. 215 and Coconada red, Rs. 205 and white 
Coconada from Samalkota, at Rs. 215. 

Messrs. Tata make the following valuations and 
remarks on these samples : — 

Basis of prices per candy of 784 lb. on 11th August 
1915: — 

Tinnevelly, Rs. 235 : Uppam, Rs. 205 •. Westerns, 
Rs. 200 : Cambodia, Rs. 240 : Northerns, 
Rs. 210 : Navasari, Rs. 270 : Berar Jari (Akola), 
Rs. 200 : Coconada, Rs. 210. 
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Serial 

No. 


Name of Variety 


Re MAH Kb 


Ordinary Kamwjannl , Of those four samples, No. 2 ia best, Nos. 3 
1 and 4 are alike, but a little bit inferior to No. 2 

Karan^mui Siioeial [ in Icugtli of staple. No. 1 comoa last, being 

' type Company No. 1. ‘ * .short in staple. No-s. 2, 3, 4 can spin from 

'* 30’s to 32’s. No. 1 can spin up to 24’s. Value 

Do. Company No. li. ^ I No. 1, Rs. 220 ; No. 2, Us. 24 j ; No. 3, Us. 240 ; 

; ' No. 4, Rs. 23.0. 

Do. Company No. Ill j 


o PuliciMi cation 


(> TinneVelly cotton 


This rc.soiublos Akola cotton. It is a short staple 
cotton- Can spin up to Lb’.s. \hduo Rs. 200, 

It is a strong, silky, good staple cotton more or less 
1 equal to Nos. 3 and 4, Can sjhn up to 30’s. It 

i is not Uppam as it is supposed to be. Value 

I Rs. 23.3, 

Co)ap(tfOj Xo. 2 — Special j This in more like No. 2 but more silky. Can spin 
' Selection. j up to 32’s. Value Rs. 24S. 


Cambodia from Noil- hNo. 9 is a bit longer in staple than Ko S. Both 
^'ilL-v Irinrr s;i;ii)lef! coltotL The hbre 


patti. 

Cambodia from Coiin- 
balorc. 


are silky, long .stajded cottom The tibre i-s weak 
and therefore cannot spin more than 32's. Value 
Rs. 233 for each. 


Uppam from K oil putt i I Both arc aliko_ coarse, short stapled, No 
j f a bit white!' ni colour than JsOr 10* ^ 

Vpponi from Coim- . C fur each. Can .spin 12 s to 14 .s. 
batoro. 

Bourbon from Coim- It is a long stapled, .silky cotton. Can spin up to 
batore. j id’s. Value Rs. 279. 

Vnrfnm from Coita- i It is very variable in length of sUplo and may be 
" Patore. to 1 j s. 

WJiite-sceilcd North- ! q Both arc sUky long stapled cotton and strong 

I erns ' from Nandval. ' / fibred. No. 14 bemg whiter than No. lo, winches 

I " 1 Red, No. 14 may be valued at K.s. 230 and No. ly» 

' do. \) Rs. ’223. Can spin up to 32’ s. 


13 Black dc 
ib I Ycrrapitti Red . 

IT Goconada Red 

18 I Coeonada whiti' from 
I Samalkola. 

19 ■ Westerns from Hagari . 


Tills is softer in feel and a bit longer m staple than 
Red Coeonada. More suitablc^for dyeing. > alue 
Rs. 21.3. Can spin up to 20’ s. 

Both arc red and white ordinary types of Coeonada. 
The tibre i.s coarse and staple 
Can spin up to Id’s. ^ ahu: No. 2Uo. 

Value No. 18, for its colour Ks. 210. 

For Westerns, the staple is very good, being very 
(ong. Can spin 24’>. \alue Rs. -lo- 


IlhllUMcohu giv.u l.cr= .-.pply to .O..P and not 

Tt will be seen tlml in the majority of instances, a 

J,.U„nl aJvanco ... tto v.luo of cotton has bae.. gatorf bJ 
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selection and if only ginning percentages and acreage 
outturns had been available, a rigid estimate could have 
been framed of the actual value of all the cottons which 
have been examined. 

Burma. Mr. McKerral reports as follows: — 

“ The cottons received from you were grown at the 
Agricultural Station at Tatkon, Yamethin 
District, Burma. The year was rather wet and 
the cotton crop in general on this farm was not 
very successful. None of the Indian short-lived 
cottons were a success and they did not appear 
to do as well as the Burmese ‘Wa-gale' 
{G. neglectum)^' which was grown alongside of 
them. The same was true of the long-lived 
types and Broach cotton proved a complete 
failure, while Burmese ‘ Wa-gyi ’ {G, obtusi- 
foliim) gave a fairly good crop although it 
dowered late. I conclude that our best chances 
of improving cotton in Burma will be to under- 
take selection for yield and ginning percentage 
with the indigenous varieties. I have, however, 
retained small cultures of all the cottons sent 
by you. 

“ With regard to the Burmese cottons, it was found 
that ' Wa-gale ’ {G, neglectum) which is our 
short-lived kind, consists of three well-marked 
botanical types (1) a yellow -liowered type, (2) a 
white-llowered. This occurs in small propor- 
tion in the ordinary crop and appears to be the 
type called by you ' Avena,’ (3) a type showing 
reddish coloration of the petioles, leaves, bract- 
eoles, etc., and possessing a longer and finer 
staple than the other types. This was found 
in samples received from the Shan States and 
looked a promising type. Unfortunately, how- 
ever, its ginning percentage has been found to 
be very small The white-flowered type appears 
to have the highest giimiRg percentage and in 
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the case of one single plant this appeared to 
reach 40 per cent. The white-flowered variety 
is being separated from the yellow and a large 
number of single plant selections of all three 
kinds have been made. No markedly different 
types have been observed so far in ‘ Wa-gyi ’ 
(the long-lived Burma cotton) and the crop 
appears to be fairly iiniforni. Further ob- 
servations, however, are being made this year.’' 

As in former years, I have to thank Messrs. Tata, Sons 
& Co., for the trouble they have taken in furnishing valua- 
tions of the numerous samples of cotton submitted to them. 

III. Programme of work for the year 1015-16. 

(1) To visit and advise on points regarding cotton and 
its cultivation whenever requested to do so by the Provincial 
Departments of Agriculture. 

(2) The study of the behaviour of Bourbon, Bliuri, 
Cambodia and other such cottons in non-cotton-producing 
tracts, cas detailed in the last year’s programme, will be 
continued. 

(3) An enquiry on the manurial requirements of cotton 
will be continued. 

(4) Researches on the botany of cotton will be continued. 
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